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COMPOUNDS CONTAINING 24 AT. CARBON. 


Primary Nucleus 0 24 H S . 

Chrysene. 

(PH 8 . 


C. P. Vogel. A. Geld, 5, 272. 

Kobiquet & Colin. Ann, Chim. Phjs. 4, 326. 

Laurent. Ann. Chim. Phys. GO, 136. 

P elletier & Walter. N. Ann. Chim. Phys. 9, 917 ; J. pr. Chem. 31, 
114. 

Gr. Williams. Chm. Gaz. 1855, 405; J.pr. Chem. G7, 248; Lkh. 
Eopp’s JoJimler. 1855, G33. 

Vogel's Volatile Mmier-mw.— Discovered by Vogel in 1805. A yellow, mealy 
powder, which Kidd (Phil. Trans. 1821, 212 and 219) observed among the products of 
the distillation of coal, is perhaps the same compound. (Mansfield, Chm. Soc. Qu. J., 
i. 248.) The substance observed by Drapiez in crude oil of amber (xiv. 325), and a 
yellow product obtained by Bussy & Lecanu ( J '. Pham. 11, 362) in the dry distillation 
of fat, towards the end of the operation, appear also to consist of impure chrysene. 

Formation and Preparation, 1. In the dry distillation of amber, 
■when, towards the end of the operation, the acid and all the oil have 
passed over, and the charred residue is strongly heated, yellow- 
vapours pass over and condense in the neck of the retort. (Kobiquet 
& Colin; Pelletier k Walter.) 2. When the tar obtained in the 
preparation of illuminating gas from oils and fats is subjected to dry 
distillation, liquid products pass over at first ; afterwards, when $■ of 
the tar have distilled over, and the heat is very much increased, a 
thick oil is obtained, the last portions of which, if collected in a sepa- 
rate receiver, deposit a small quantity of chrysene, while pyrene 
remains in solution. The remainder of the chrysene condenses in the 
neck of the retort. (Laurent.)— 3. In the distillation of coal-tar, 
chrysene passes over at a much higher temperature than the dead oil. 
.(Williams.) 

P Purification, Vogel purified the sublimate obtained by method 1 
from adhering oil, by dissolving it three times in alcohol, and leaving, 
the solution to , cool. Kobiquet k Colin boil it for some time with 
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water, till the oil is volatilized ; then melt it, and exhaust the lamino- 
gramilar solid mass with ether, which leaves the chrysene undissolvcd. 
The waxy product is resolved by treatment with ether, and then by 
repeated boiling with a small quantity of absolute alcohol, into yellow 
chrysene, which partly remains undissolved, partly crystallises out 
from the ether ami alcohol — and suecistcrcno, which is of paler colour, 
and ultimately turns white. (Pelletier k Walter.) — The soft, red 
'sublimate' in the nock of the retort is detached by scraping and rinsing 
with a little ether, then triturated and repeatedly boiled with ether, 
which acquires a red colour by taking up pyrene and the thick oil, 
whilst chrysene remains in the form of a red powder. (Laurent.) — 
Williams frees the portion of the sublimate insoluble in ether, from 
adhering brown oil, by prolonged treatment with ether, and purifies 
it by re-crystallisation from boiling coal-tar oil. 

Properties. Shining yellow laminin, resembling uranium-mica. 
(Robiquet k Colin ; Williams.)— Crystalline powder of a fine yellow 
colour, without any tinge of red or green. (Laurent.) — Soft to the 
touch ; does not adhere to the tongue so strongly as wax, (Yogel.) 
— Melts between 80° and 100° (Vogel); between 230° and 235° 
(Laurent) ; at 240° (Pelletier & Walter) ; and solidifies to a deep 
yellow laminar mass on cooling, (Laurent.) — Volatilises completely 
at high temperatures (Vogel) ; with partial decomposition, leaving a 
small quantity of charcoal. (Robiquet k Colin, and others.) — 
Inodorous and tasteless. 

Laurent. Pelletier Williams. 
mean. & Walter. at 100°. 

24 C 144 .... 94*73 93*27 93*10 94*63 

8 H 8 .... 5*27 5*36 5*84 5*37 

C- 4 II S 152 .... 100*00 98*63 98*94 100*00 

Decompositions. 1. Chrysene burns in the air at its boiling point, 
forming carbonic acid and water (Vogel); on red-hot coals it burns away 
without emitting any peculiar odour. (Laurent.) — 2. With cold oil 
of vitriol, it turns rod-brown with a few violet spots ; with hot oil of 
vitriol, it assumes a fine dark green colour. ([Laurent.)— -It is only 
inferior chrysene that is coloured by cold oil of vitriol the pure 
substance dissolves, with dark greenish blue colour, only in hot oil of 
vitriol, (Pelletier k Walter.) — 3. With bromine , chrysene evolves 
bydrobromio acid, and forms a brown substance, which decomposes by 
distillation. (Laurent.) — 4, Nitric acid attacks it at a gentle heat, 
with evolution of red vapours, and, after prolonged boiling, con verts 
it into binitroehrysene, whilst a yellow powder, prceipitable by water, 
remains in solution, (Laurent.) — Vogel and others obtained a renin by treating 
chrysene with nitric acid — 5. Chrysene dissolves ju alcohol containing 
potash, and separates therefrom as a resin. (Vogel.)— It is not 
attacked by boiling with ammonia or potash-ley, but colours the latter 
yellowish. (Robiquet & Colin.) 

Chrysene is insoluble in water, also in alcohol. (Robiquet k Colin, 
and others.) — When impure and contaminated with oil, it dissolves 
in boiling alcohol. In ether it is but very sparingly soluble ; accord- 
ing to Vogel, it requires for solution, 32 pts. of cold and almost as 
much of boiling ether. — Soluble in chloroform . (Cloez, N, J. Pham . 
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14, 382.) ; in boiling oil of turpentine , rather more freely than in 
ether (Laurent) ; easily in oil of lavender ; scarcely in cold, easily in hot 
oil of amber (Vogel) ; soluble in boiling coal-tar naphtha . (Williams.) 


Nitro-nucleus C 24 X 2 II ( \ 

Binitrochrysene. 

C 24 N 2 II 6 0 8 = C 24 X 2 II 6 . 


Laurent. Ann. Chtrn . Flips. 66, 140, and 72, 426. 

1. Chrysene (p. 1) is boiled for a while with nitric acid, whereupon 
a red powder separates ; the nitric acid is then decanted, and the red 
powder is boiled with alcohol and dried. The alcohol and the nitric 
acid retain in solution a yellow body precipitable by water. — 2. When 
chrysene is boiled for a very long time with a large excess of nitric 
acid, part of it dissolves, and water then separates beautiful orange- 
coloured flocks, which must be washed and dried. 

The product obtained by method 1 is a red powder, like mercuric 
oxide ; the second method yields an orange-coloured powder. (Lau- 
rent.) — Pure yellow, and shining; highly electrical. (Williams, Chem. 
Gaz. 1855, 405.) 

Laurent. 


24 C 

... 144 . 

.. 59*50 ... 

earlier. 
58*29 

later . 

.... 56-82 

2 N 

... 28 . 

.. 11*56 ... 

11-66 

.... 11*80 

6 H 

... 6 . 

.. 2*48 ... 

2-27 

.... 2*33 

8 0 

... 64 . 

.. 26*46 ... 

27*78 

.... 29 05 

C 24 X 2 H 6 

... 242 . 

.. 100*00 ... 

100*00 

.... 100-00 


Laurent regarded the products obtained by the two methods as different. 

Nitrochrysenc, heated in a glass tube, melts, swells up, and takes 
Are with detonation and brown smoke. It detonates on glowing 
coals. — It dissolves in cold oil of vitriol, with brown-yellow colour. 
Dissolves partially in alcoholic potash, and is precipitated therefrom in 
brown flakes by acids. If is not converted into a base by sulphide of 
potassium. (Williams.) 

Insoluble in water , scarcely soluble in alcohol or ether. 


Primary Nucleus C 24 II 12 ; A mido yen-nucleus C 21 Ad 2 II 10 . 

Pyrrol-red. 

C 24 N 2 H 14 0 2 = C^Ad 2 !! 10 ^ 2 . 

Run&e. Fogg, 31, 67. 

Anderson. Edinb. Phil. Trans . 21, 4, 571 ; Ann. JPharm . 105, 349 ; 
Chem. Centr . 1858, 417; Kopp’s Jahresber . 1857, 398. 

b 2 



4 PRIMARY NUCLEUS C 24 H 12 : AMID 0 GEN-NUCLEUS C 24 Ad 2 H 10 . 


ScmYANERT. IlaMlitationsclirift , uher Zersetzungen der Schleimsaure , 

Grcifswald, 1860: abstr. Ann, Pharm. 116, 279, 

First observed by Rungo j investigated by Anderson, 

Formation. .1, Pyrrol is resolved by heat, or by several days’ 
contact with excess of acid, into pyrrol-red and ammonia. (Anderson.) 

3C«NIP + 2 HO « (WII M 0* + NIE 

2. Oarbopyrrolie acid, or carbopyrrolate of baryta, is resolved, by 
heating' to (>6°, or above, with acids, into carbonic acid and pyrrol, 
which latter is then decomposed as in 1. (Solrwanert.) 

aC^IUNO 4 + 2I-IO = C*N®HM<J* + Nil 3 + 6C0 3 . 

Schwancrt obtained from carbopyrrolate of baryta 22*05 p. c. 
carbonic acid, 2*1 nitrogen, as ammonia (calculation, 22*3 CO 2 , 2*5 N), 
but only 22*4 p. e. ]>yrrol-rcHl (calc. 37*9 ]). c.), perhaps because the 
latter is not always obtained of constant composition. 

Preparation , Pyrrol is dissolved, with brisk agitation, in oil of 
vitriol diluted with. 4—6 pts. water ; the liquid is heated with continued 
agitation till red flocks separate, then filtered, and immediately washed 
with boiling* water, till nearly all the acid is removed; afterwards 
with a small quantity of dilute potash-solution. (Anderson.) 

Properties, Light orange-red powder, which turns brownish when 
heated. Light or dark brown powder, destitute of taste and odour. 
(Schwancrt.) 





Anderson. 

Calculation , according to Anderson. 

mean ; in vacuo. 

24 C 

144 ... 

71*28 

71*98 

2 N 

28 ... 

13*86 

13*59 

14 H 

14 .... 

G*93 

6*88 

2 0 

1G .... 

7*93 


SWJNPHMO 8 

202 ... 

100*00 

100*00 


Schwancrt found in pyrrol-red from carbopyrrolio acid, 59*24 0, 5*9*1 II, and 62*4 C, 
4*7 H, and 11*39 N, after drying at 110°, perhaps because partial decomposition had 
taken place. (See below) . 

Decompositions. A fter prolonged heating to 100°, it increases in weight 
from slow oxidation. — 2. Yields, by dry distillation , a stinking oil con- 
taining pyrrol, and leaves charcoal. — 3. Heated in contact with the 
air, it takes fire and bums away.— 4. It is decomposed by prolonged 
boiling with acids or alkalis , acids converting it into a dark rod sub- 
stance which contains 74 p, c. charcoal. (Anderson.) — 5. By nitric acid 
it is resinised, and afterwards converted into oxalic acid. (Anderson.) 
Burning nitric acid dissolves it. (Soli wane t*L) 

Water neither dissolves nor acts on it. It does not dissolve in 
aqueous acids or alkalis . 

Sparingly soluble in cold, more soluble in hot alcohol; sparingly in 
ether. (Anderson, Schwancrt.) 
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Appendix to Vol. x., p. 16. 

Pyrrol. 

CTOP = C 8 NII 3 ,IF. 

Runge, Pogg. 31, 67. _ 

Anderson. Ann, Pharm. 80, 63 ; JSF. Phil. Mag . J. 2. 457 ; Edinb. Phil, 

Trans. 20, 2, 247; J.pr. Chem. 54, 36; N. Ann . CMm. Pliys. 34, 

332. — Edinb . PH. Trans. 21, 4, 571 ; Aw. Pharm . 105, 349 ; Chem. 

Centr. 1858, 417 ; Abp/s Jahresber. 1857, 398. 

Schwanert. Habilitationschrift uber Zersetzungen dev Schldmsdure . 

Greifswald, 1860 ; abstr. Aw. Pharm. 116, 279. 

RothGl . — Discovered by Runge in 1834, but first prepared pure and investigated by 
Anderson. 

Formation. 1. Carbopyrrolic acid is resolved by heat into pyrrol 
and carbonic acid. (Schwancrt.) 

C 10 NKL 5 O 4 = C 8 NH 5 + 2C0 2 . 

2, By the dry distillation of mucate of ammonia. (Schwanert.) 

C 12 H 8 ('NH' , ) 2 0 16 = C 8 NH S + 4 CO 2 + NH 3 + 8HO. 

3. In the dry distillation of coal and of various animal matters, passing 
over, with many other bodies, into coal-tar oil, the wash- water of 
the illuminating gas, and bone-oil. (Runge, Anderson.) Feathers 
distilled per se yield considerable quantities of pyrrol, together with 
other bases ; flannel also yields it, together with sulphuretted hydrogen, 
sulphide of carbon, and carbonate of ammonia. (Williams, Chem. Gaz 
1858, 309; Ann. Pharm . 109, 127.)-— 4. By the dry distillation of many 
organic bases. It is found among the products of distillation of quinine 
and cinchonine (xiii. 244) and of pelosene, together with methylamine 
and ethylamine. (Williams, Chem. Gaz.' 1858, 321 ; Pep. Chim. pure. 1, 
118.) Pyrrol is contained in the so-called oil of tobacco, (Runge.) 

Preparation. 1. From Mucate of ammonia. When dry pulverised 
mucate of ammonia is subjected to dry distillation, crystals of carbonate 
of ammonia are obtained, together with an aqueous solution of carbo- 
pyrrolamide ( =bipyromucamide, x. 405,) and a brown oil floating thereon. 
The latter is washed with water, dehydrated with lumps of potash, 
distilled, and rectified after standing over chloride of calcium. The 
greater the quantity of mucate of ammonia heated at once, the larger 
is the proportion of pyrrol obtained. Carbopyrrolic acid does not yield 
pure pyrrol so easily, because it sublimes at the same time. (Schwanert.) 

2. From Bone-oil. Large quantities of crude bone-oil are subjected 
to fractional distillation ; the water which passes over with the first 
portions is removed; the more volatile half of the oily distillate is 
mixed with dilute sulphuric acid and set aside for. several days; and 
the strongly acid liquid separated from the undissolved oil is kept 
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boiling in a still as long as a colourless stinking oil passes over, which 
soon becomes reddish, and afterwards nearly black, on exposure to the 
air. The oil, freed from water, is resolved by repealed fractional distil- 
lation into several parts. The portion which distils over between I 82° and 
1-LT is repeatedly shaken up with a small quantity of very dilute sulphu- 
ric acid, to remove admixed pieoliue; the, solutions are separated; and the 
remaining oil, amounting to about \ of thoorigmulquantify, is dehydrated 
with lumps of potash, ami rectified, the Iasi; port ion of the distillate being 
each time removed, till (after about 1T> distillations) nearly the whole 
passes over between 134T>° and 138°. The pyrrol thus obtained is 
still contaminated with a small quantity of a substance producing formic 
and propionic acids, from which it maybe freed by boiling with hydrate 
of potash. Anderson therefore mixes it with 5 or (5 parts of potash- 
hydrate in coarse lumps, and licats it in a copper flask fitted with along 
upright condensing tube, till, as the temperature gradually rises, only 
a small quantity of liquid evaporates, then replaces the vertical by a 
condensing tube bent downwards, and distils off all that is volatile at 
a red boat. On pouring water upon the fused yellowish white residue, 
pyrrol separates in the form of an oil, which js obtained pure by recti- 
fication. (Anderson.) 

Properties , Transparent, colourless oil, of sp. gr. 1/077, and boiling 
point 138°. It has an agreeable ethereal odour, resembling that of 
chloroform, and a pungent taste. (Anderson, Sohwanert.) Pyrrol 
prepared by method 2, and not treated with hydrate of potash, has an 
unpleasant odour. (Anderson.) Vapour-density = 2*40 ; before treat- 
ment with potash-hydrate, it is 2*50. (Anderson.) The vapour of 
pyrrol colours fir-wood, moistened with hydrochloric acid, deep purple- 
rod (Runge) ,* pale red at first, then deep carmine-rod. (Anderson.) 
This test will indicate the presence of an extremely small quantity of 
pyrrol. (Runge, compare Pogg. 32, 322.) 

Anderson. Sohwanert. 


8 C 

48 .. 

... 71*04 ... 

a. (mean) 
71-59 .... 

b. 

71*54 .. 

a. 

.. 71-07 .. 

b. 

.. 71*29 

N 

14 . 

... 20-90 



19*80 .. 


5H 

5 . 

... 7*46 ... 

7*87 .... 

7*77 „ 

.. 7*03 

” 7*59 

C S NH 5 ..,. 

07 , 

... 100-00 ... 



.. 99*10 .. 



a. Having an offensive odour j not treated with hydrate of potash. (Anderson). — 
a. Obtained from pure mucate of ammonia ; b. from earbopyrrolic acid. (Sohwanert.) 

Decompositions. Pyrrol gradually turns brown when exposed to the 
mV*.— When heated with excess of acids, it is resolved into ammonia 
and pyrrol-red. (Anderson.) 

3C«NH fi + 2HO « CWBW + NBA 

By continued boiling, the liquid is decolorised, and the pyrrol-red is 
further altered. (Anderson),— Pyrrol is rapidly dissolved by nitric acid \ 
giving off red vapours, and forming a dark red liquid, and by longer 
boiling is converted into oxalic acid. Water added to the red solution 
throws down a resin. (Anderson). Aqueous pyrrol is coloured deep 
red by nitric acid. (Runge.) The aqueous solution of hydrochlorate of 
pyrrol is decomposed by bichromate of potash, with formation of a black 
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precipitate : with sesquickloride of iron , it acquires a green and after- 
wards a black colour ; and, when heated with sulphate of copper , forms 
a green solution, and deposits a small quantity of black powder. — 
From bichloride of platinum, cold hydrochlorate of pyrrol throws down 
first a yellow and after a few minutes a black platiniferous precipitate. 
(Anderson.) 

Pyrrol is nearly insoluble in ivctter. It dissolves slowly in aqueous 
acids , but is insoluble in alkalis. 

Chlonde of Cadmium with Pyrrol . — -On mixing the alcoholic solutions 
of pyrrol and chloride of cadmium, a white crystalline powder is formed, 
insoluble in water, easily soluble in hydrochloric acid, and easily decom- 
posed by heating with water and alcohol. (Anderson.) 


16 C 

96 0 .. 

.. 23-50 ... 

Anderson. 
23-25 

2 N 

28-0 , 

.. 6-85 


10 H 

10-0 .. 

.. 2*44 ... 

2-19 

3 CdCl 

274-5 .. 

.. 67-21 



2C s NH 5 ,3CdCI 408-5 .... XOO’OO 

Mercuric Chloride with Pyrrol . — Separates on mixing the alcoholic 
solutions of pyrrol and mercuric chloride, as a white, somewhat 
crystalline powder, easily altered by excess of mercuric chloride. — It is 
insoluble in water, sparingly soluble in cold, more easily in boiling 
alcohol, in the latter, however, with partial decomposition. 

Anderson. 



In vacuo. 


mean. 

8 C 

48 .... 

7*88 .... 

.... 7-73 

N 

14 .... 

2-31 


5 H 

5 .... 

0-82 .... 

.... 0-81 

4 Cl 

142 .... 

23-31 


4 Hg 


65-68 .... 

.... 66-89 


C s NH 5 ,4HgCl 609 .... 100*00 


Pyrrol dissolves easily in alcohol and ether. 


Primary Nucleus C 21 II W ; Oxygen-nucleus C 84 Ii 10 O 4 . 

Piperic Acid. 

C 24 E I° 0 8 - C 24 IP0 4 ,0 4 . 

Yon Babo & Keller. Dissertation von C. Keller , Freiburg, 1856, 16; 
Freiburg naturw. Berichte , 1856 ; J. pr. Chem. 72, 53 ; abstr. Chem , 
Centr. 1858, 241 ; Chem. Gaz. 1858, 7 ; Popp’s Jahresber. 1857, 418. 
An. Strecker. Ann. Charm. 105, 317; J. pr. Chem. 74, 191; Popp's 
Jahresber. 1857, 415. — Ann. Pharm . 118,280; N. Ann. Chim. Phys * 
63, 233. 

GL C. Foster. Chem. Soc. J. 15, 17. 

Pipericylic Acid (Weltzien). 

Formation. Piperine boiled with alcoholic potash is resolved into 
piperic acid and piperidine, (v. Babo & Keller.) 

C^HPNO 6 + 2HO = C 24 H 10 O 8 + C 10 NH n (Strecker). 



8 


PRIMARY NUCLEUS C**H»: OXYGEN-NUCLEUS Cm^OK 


Preparation* 1 part of pipeline is boiled with 3 pts. of potash-hydrate, 
and 16 to 20 pts. absolute alcohol; the liquid which distils over being’ 
continually poured back and the process continued for twelve hours, or 
till a sample of the mixture taken out of the retort is no longer pre- 
cipitated by water (Yon Babo k Keller); nr, better, equal weights 
of pipeline and potash-hydrate, with as much strong’ alcohol as is 
required to dissolve both, are heated for 4 or 5 hours to 100° in a 
closed vessel. (Foster.) The crystalline plates, which are thereby pro- 
duced In abundance, are separated from the brown mother-liquor, 
purified by repeated crystallisation from a small quantity of boiling* water, 
with help of animal charcoal, then dissolved in water, and decomposed 
by dilute hydrochloric acid ; and the acid, which separates as a jelly, is 
collected, washed, and purified by repeated crystallisation from alcohol. 
Another method is, to neutralise the aqueous solution of the impure 
potash-salt with acetic acid, mix it with a small quantity of solution 
of acetate of lead, separate the load dissolved in the filtered liquid by 
sulphuretted hydrogen, filter again, and evaporate to the crystallising 
point (v. Babo & Keller). 

Properties. Yellowish capillary needles ; in the moist state, sulphur- 
yellow jelly which shrinks on drying. Melts at 150°, sublimes at about 
200°, partly unaltered, emitting an odour of coumavin, and leaving a 
brown fused residue. Reaction scarcely acid. (v. Babo k Keller.) 


Strecker. 

at 100°. v. Babo & Keller. mean. Poster. 


24 C 

. 144 .. 

.. 66*06 .. 

66*08 

to 66*88 .. 

.. 65*90 .. 

.. 65*83 

.... 66*01 

10 H 

. 10 .. 

.. 4*59 .. 

.. 4*80 

.... 5*14 .. 

.. 4*65 .. 

.. 4*92 

.... 4*94 

80 

. 64 .. 

.. 29*35 

.. 29*12 

.... 27*98 .. 

.. 29*45 .. 

.. 29*25 

.... 29*05 

C 84 H 10 O 8 ,,. 

. 218 .. 

.. 100*00 .. 

100*00 

.... 100*00 

.. 100*00 

.. 100*00 , 

.... 100*00 


This is the formula proposed by Strecker ; v. Babo & Keller give the formulas 
CPIW 5 and C w IP«0». 


Decompositions, 1. For the decomposition by dry distillation, see above. — 
2. Burns when heated in contact with the air, emitting* an odour of anise, 
and leaving a difficultly combustible charcoal. — 3. Nascent hydroyen 
(sodium- amalgam) converts it into hydro-pipene add (p. .1 1.) (Foster.) 
—-4. Oil of vitriol colours it blood- red, and then chars it.— 5. When 
treated with mime, bromine, or chlorine , it forms substitution-produe.tH. 
- — 6. Concentrated hydriodic add acts upon it, oven below 100°, pro- 
ducing carbonic acid, and a black, uncrystal Usable, homos-like sub- 
stance. (Foster.)— 7, In contact with peMachloride of phosphorus , it 
acquires a vermill ion-red colour, and deliquesces after a few days, 
forming oxychloride of phosphorus, and yielding vermillion-coloured 
crystals. If the product (the crystals, Kr.) obtained by the action of 
pentacliloride of phosphorus on piperic acid is mixed with piperidine, a 
substance is formed which is insoluble in water and potash-ley, but 
soluble in strong hydrochloric acid, alcohol, and ether.— 8. Nitric add , 
even when dilute, converts piperic acid into an orange-coloured nitro- 
compound, which, when heated with potash-hydrate, gives off an 
odour of coumarin. (v. Babo k Keller.)— f 9. Piperic acid added to 
fused potash-hydrate containing a little water in excess, is at first dis- 
solved ; immediately afterwards the mixture turns brown, and hydrogen 
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is evolved, so that the continued addition of piperic acid causes it to 
froth over if not constantly stirred. When the evolution of gas is no 
longer perceptible, the mass contains protocatechuate, acetate, oxalate, 
and carbonate of potash, with a relatively small quantity of a humus- 
like body, probably a product of the decomposition of protocatechuic 
acid. The reaction which takes place is probably : — 

C 24 H lft 0 8 + 16HO == C 14 H G O s + C 4 H 4 0 4 + C 4 H 2 0 8 + C 2 0 4 + H 14 . (Streeter.) 

Protocatechuic acid is apparently identical with the acid of the same composition 
produced by the action of hydriodic acid on hemipinic acid (xiv. 431) 

Combinations. Piperic acid is nearly insoluble in water, (v. Babo & 
Keller.) It unites with salifiable bases, forming the piperates , which 
according to Strecker, are composed of C 24 IPM0 8 , but according 
to v. Babo & Keller, are bimetallic salts, containing C 50 H 22 M 2 0 16 , or 
C 50 H 20 M 2 0 16 . ' ^ 


Piperate of Ammonia. — Piperic acid is added to hot concentrated 
ammonia, as long as it continues to dissolve ; the filtrate is left to cool, 
and the resulting crystals arc dried, first over a mixture of lime and sal- 
ammoniac, then over oil of vitriol. — Colourless scales, with satiny lustre, 
resembling cholesterin. When exposed in the moist state to the air, 
it gives off ammonia, and turns yellow. Between 100° and 150°, it 
gives off ammonia, without further alteration and without loss of 
water; and between 180° and 200°, it decomposes, emitting an odour 
of anise, (v. Babo & Keller.) 



at 50° in vacuo 


v. Babo & Keller. 

24 C 

144 .... 

61-28 

61*77 

N 

14 .... 

5-95 

5-73 

13 H 

13 .... 

5*53 

617 

8 O 

64 .... 

27*24 

26-33 

C 24 H 9 (NH 4 )0 8 . 

235 .... 

100*00 

........ 100-00 


Piperate of Potash. — Obtained as already described (p. 8), or by 
dissolving the acid in potash-ley. Yellowish- white, silky laminae,, pro- 
bably belonging to the right prismatic system. When heated, it 
glows and emits an odour of anise, and when subjected to dry distilla- 
tion, yields a small quantity of tar, containing carbolic acid, and leaves 
a mixture of charcoal and carbonate of potash. It dissolves sparingly 
in cold, easily in boiling water, sparingly in alcohol, and is nearly 
insoluble in ether, (v, Babo & Keller.) 




V. 

Babo & Keller. 

Poster. 




mean. 

(at 100°). 

24 C 

... 144-0 . 

... 56*21 

.... 55-73 

. 55*92 

9 H 

... 9*0 . 

... 3*51 

.... 3-63 ....... 

. 3*52 

7 O 

... 56-0 . 

... 21*86 

.... 22*75 

. 22*26 

KO 

... 47*2 . 

... 18*42 

.... 17*89 

. 18*30 .... 18*17 

C^HSRO 3 

... 256*2 . 

... 100*00 

.... 100*00 

. 100*00 .... 


Piperate of Soda. — Precipitated on dissolving the acid in hot soda- 
ley, and cooling, as a white crystalline powder sparingly soluble in cold, 
easily in hot water, and precipitated from the aqueous solution by alcohol. 
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A concentrated solution of chloride of potassium, containing only 2 per cent, of chloride 
of sodium, still yields a precipitate of this salt, when treated with piperatc of potash, 
(v, Babo & Keller.) 

Piperatc of Baryta. — Obtained aw a loosely coherent, white pre- 
cipitate, by treating the aqueous solution of the potash-salt with 
chloride of barium. Microscopic needles, requiring about 5000 pis. 
of water to dissolve them, and undergoing* partial decomposition at 
the same time (v. Babo & Keller) ; more soluble in hot water. (Foster.) 

v. Babo & Keller. Poster. 

at 100°, mean. {at 100°). 

24 C 144 .... 50*43 .... 51*05 

9 II 9 ... 3*15 .... 3*78 

7 0 56 .... 19*63 .... 18*85 

BaO 76*6 .... 26*79 .... 26*32 .... 26*77 26*67 

C-WBaQ* 285*6 .... 100*00 .... 100 00 

The salt is completely decomposed by a stream of carbonic acid 
passed through its boiling aqueous solution. (Foster.) 

Piperate of Strontia. — White precipitate, obtained by adding a 
strontia salt to the aqueous potash-salt (v. Babo & Keller). 

Piperatc of Lime . — Aqueous piperate of potash added to a solution 
of chloride of calcium, throws down slender needles, somewhat more 
soluble in water than the baryta-salt. It contains 50*07 to 52*62 per- 
cent. C, 3*96 to 4*10 II, and 12*03 lime. (v. Babo & Keller.) 

Piperatc of Magnesia. — Moderately dilute solutions of piperate of 
potash and hydrochlorate of magnesia deposit this salt, after a few 
days, in long slender needles, (v. Babo & Keller.) 

From salts of alumina , piperate of potash throws down a white 
precipitate. 

Piperate of Manganese. — Small, yellowish laminae, having a silky 
lustre, (v. Babo & Keller.) 

Piperate of Zinc. — Yellowish white, curdy precipitate, obtained 
by precipitating chloride of zinc with the potash-salt, (v, Babo & 

Piperate of Cadmium is a white powder*. The lead-salt is a yellowish 
precipitate, which dissolves slightly when heated, and separates as a 
white crystalline powder on cooling. —Ferrous piperate is yellowish 
white, insoluble, easily oxidisable. — Piperatc of cobalt is rose-coloured ; 
piperate of nickel light green, insoluble, (v. Babo & Keller.) 

Piperate of Copper is precipitated by the potash-salt from sul- 
phate of copper, more abundantly on addition of ammonia, in slender sky- 
blue needles. Contains 49*67 C, 3*63 II, 15.36 0, and 31*29 p.c. CuQ. 
(v. Babo & Keller.) 

Mercurous Piperate. — White precipitate, reduced by ammonia, 
(v. Babo & Keller.) 

Mercuric Piperate . — Yellowish white precipitate, from which potash- 
ley separates mercuric oxide* (v. Babo & Keller.), 
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Piperate of Silver. — Obtained as a colourless, scarcely crystalline 
powder, by precipitating nitrate of silver with the aqueous potash-salt. 
Insoluble in water and alcohol, (v. Babo & Keller.) Does not 
diminish in weight at 100°. (Strecker.) 




V. 

Babo & Keller. 

Streoker. 


at 100°. 


mean . 

mean. 

24 C 

144 .. 

.. 44-31 , 

.... 43*42 

. 44-35 

9 H 

9 .. 

.. 2-76 

.... 3-01 

2-85 

8 0 

64 .. 

.. 19-69 , 

.... 20-52 

. 19*65 

H 

108 .. 

.. 33*24 , 

.... 33-05 

. 33-15 

C 24 AgHW.. 

325 .. 

.. 100-00 

... 100-00 ....... 

, 100*00 


When terchloride of gold is mixed with piperate of potash, a yel- 
lowish white precipitate is obtained, which soon yields metallic gold, 
(v. Babo & Keller.) 

Piperate of Piperidine. — (p. 14.) 

Piperic acid dissolves in 270 pts. of absolute alcohol , easily in the 
same liquid at the boiling heat. It dissolves but sparingly in ether, 
either hot or cold, scarcely at all in sulphide of carbon or rock-oil ; some- 
what more easily in benzene, (v. Babo & Keller.) 


Appendix to Piperic acid . 

If Hydropiperic Acid. 

C M H w 0 8 . 


Gf. 0. Foster (1862). Chem. Soc. J. 15, 19 ; abstr. Zeitschr. CL Pharm . 

5, 9 ; and Private communication . 

Formation and Preparation . An aqueous solution of piperate of 
potash is treated with sodium-amalg-am, at a gentle heat ; after the 
action has been continued for some hours, the addition of hydrochloric 
acid precipitates hydropiperic acid in oily drops, which gradually 
solidify on standing. It may be purified by crystallisation from a large 
quantity of boiling water, or by solution in alcohol and treatment with 
animal charcoal. 

Properties. Colourless; tasteless at first, after a time somewhat 
burning. As deposited from boiling water, it forms long, exceedingly 
thin, silky needles ; by the spontaneous evaporation of its ethereal 
solution, it may be obtained in tolerably large, hard crystals, apparently 
monoclinic (oblique prismatic), and mostly hemitropic. Melts at 
63° or 64°; solidifies at about 56° ; not volatile without decomposition. 


Foster. 

24 C 144 ‘ 65-46 .... 65*24 .... 65*44 .... 65*31 

12 H 12 .... 5*45 .... 5-65 .... 5*67 .... 5*60 

8 O 64 .... 29-09 .... 29*11 .... 28«89 .... 29*09 


C 24 H 12 0 8 220 100-00 100*00 .... 100*00 .... 100*00 
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Decompositions . 1 , When healed somewhat above its melting point, it 
gives off choking* white fumes, which, when diluted with much air, smell 
like oil of anise, and leaves a small, easily combustible, carbonaceous 
residue.— 2. Strong hy dr iodic acid decomposes it, below 100°, into car- 
bonic acid and a black humus-like body, which gives a black solution with 
alkalis. — 3, Fuming nitric add colours it blood-red ; ordinary nitric acid , 
diluted with its own bulk of water, acts violently upon it if gently 
heated, giving* a solution from which water precipitates a semi-fluid 
nitro-acid. — l. Oil of vitriol colours it blood-red. — 5. Fused with excess 
of hydrated alkali, it evolves much gas, and the brown fused mass 
exhibits the reactions of the acid C w II 6 0 8 , obtained by the action of 
hydraulic acid on hemipinic acid (xiv. 431; see also Decompositions of piperic 
acid, xv. 8) — 6. With chloride of acetyl at 150°, it yields hydrochloric 
acid and a neutral oil, insoluble in water and dilute alkalis. 


Combinations. With water. Jlydropiperic acid is very slightly 
soluble in cold water, somewhat more so in hot water; the hot satu- 
rated solution reacts strongly acid ; on cooling, it deposits the acid in 
oily drops, as long as its temperature is above the melting point of the 
latter ; the rest separates in long, thin crystals (vid. sup.). 

With salifiable bases , it forms hydropiperates , salts containing 

<M FMO 8 . 

Hydropiperate of Ammonia crystallises from hot water in small 
shining scales. 


C 24 H 12 0 R 220 

NH» 17 


92*83 

7*17 


Foster. 

92*85 .... 93*01 
6*55 .... 7*16 


C 24 NH 15 0 8 


237 .... 100*00 .... 99*40 .... 100*17 


Easily soluble in hot water , considerably less soluble in cold. 
A strong aqueous solution can dissolve more hydropiperic acid , form- 
ing a solution from which water precipitates the excess of acid, and 
which gives, if saturated, an almost solid mass of hydropiperate of 
ammonia, on the addition of strong aqueous ammonia. 

llydropipcmte of Potash with excess of add , — -Obtained by boiling a 
solution of hydropiperic add in nearly absolute alcohol, with dry car- 
bonate of potash. Crystallises on cooling in hemispherical masses of 
radiating needles. 

Foster. 

(at 100°.) 

48 C 288 .... 60*25 59*38 

23 II 23 .... 4*81 5*11 

K 39* .... 8*16 8*59 

16 O 128 .... 26*78 2 6*92 

C^BFKO 16 478 .... 100*00 100*00 


Decomposed into neutral hydropiperate of potash and hydropi- 
peric acid, completely by solution in water, partially by solution in 
alcohol. 

Hydropiperate of Baryta . — Crystallises from boiling water in small 
bunches of needle-shaped crystals. The formula C**lI u Ba0 8 requires 
23*3 p. c. barium ; Foster found 23*2 p. c. 
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Bydropiperate of Lime . — Prepared by boiling tbe acid with milk of 
lime, filtering* hot, and separating the excess of lime by carbonic acid ; 
or by precipitating a rather strong solution of the ammonia-salt with 
chloride of calcium. Purified by crystallisation from a mixture of 
2 parts water and 1 pt. alcohol. Small needle-shaped crystals. Slightly 
soluble in cold water, more soluble in hot water, but partially decom- 
posed by it. The crystals contain water, which they lose at 100°. 
The formula C 2d II u Ca0 8 requires 8'37 p. c. calcium ; Poster found 8*35 
and 8*30 p. c. 

Bydropiperate of Silver. — Crystalline precipitate, almost insoluble in 
cold water ; easily altered by exposure to light, or by solution in hot 
water. The formula C 2d H n Ag0 8 requires 33*03 p. c. silver ; Foster 
found 33*58 p. c. 

The hydropiperates of the other heavy metallic oxides are mostly 
precipitates insoluble in cold water. 

Hydropiperic acid dissolves in all proportions in alcohol , and is very 
soluble in ether. 


Hydropiperate of Ethyl. 

C 28 II 1G 0 8 = C d PI 5 6,C 2d H n 0 7 . 


Formation and Preparation. By heating a solution of hydropiperic 
acid in absolute alcohol saturated with hydrochloric acid for 4 or 5 
hours to 130° in a sealed tube. Purified by solution in ether and treat- 
ment with animal charcoal. Brownish yellow*, neutral liquid; 
heavier than, and insoluble in, water. Not altered by dilute aqueous 
potash or ammonia. Decomposed by gaseous ammonia, probably with 
formation of hydropiperamide . (Poster.) ^f. 


Appendix to Vol. x., p. 446. 

Piperidine. 

C 10 NII n = C 10 NIP,H 2 . 

W ertiieim. Ann . Pharm . 70, 58. 

Anderson. Ann. Pharm. 75, 82 ; Compt . rend. 31, 126 ; Ann. Pharm . 

84, 345; Compt rend. 34, 564 ; Lieb. Kopp’s Jahresber. 1852, 545. 
Cahours. Compt rend. 34, 481 ; Imtit 1852, 98 ; J.pr. Chem. 56, 203; 
Ann. Pharm . 84, 342; Chem. Gaz. 1852, 167. In full: N. Ann . 
Chim. Phys. 38, 76; abstr. Lieb. Kopp's Jahresber. 1852, 546. 

Yon Babo k Keller. J. pr. Chem. 72, 53 ; abstr. Chem . Centr. 1858, 
241 ; Chem. Gaz. 1858, 7 ; Kopy's Jahresber. 1857, 413. 


, / The production of a volatile base by heating piperine with soda- 
lime was first noticed by Wertheim and Roclileder, who at first mistook 
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it for anline (Ann. Pharm. 54, 255) ; afterwards for picoline (ibid 70, 
58).— Anderson and Cahours obtained tile same base independently of 
each other, and recognised its separate identity: its chemical relations 
were investigated chiolly by Cahours. 

The greater part of the results obtained by Anderson and (labours 
have already been detailed (x. 4-16). We here give the remainder, 
together with those of Wertheim and of v. Bubo k Keller* 

According to Wertheim’s latest statements (Gerh. TmitG 4, T8), the 
volatile base obtained by heating piperine with potash-lime is 
0 ia NII 13 , inasmuch as he found in its platiimm-salt, 2d’ 11 —28*80 0, 
4*71—4*54 II and 32*49 Ft (calc. C 12 iNII 13 ,IICl,PtOP=23*56 C, 4*58 II, 
and 32*41 Ft.) 

Formation and Preparation. Piperine is decomposed, as directed at 
page 8, by boiling with alcoholic potash, into piperidine and pi penile 
of potash, and the mother-liquor separated from the crystals of that 
salt is distilled into a receiver containing hydrochloric add, whereby 
hydrochlorate of piperidine is obtained, (v. Babe k Keller.) 

Piperidine forms with chlorine or bromine , an oily product, not pos- 
sessing basic properties. (For the other reactions, see x, 447.) 

Chloro-a, urate of Piperidine .• — Tlydrooldorate of piperidine forms, with 
torchloride of gold, small needles of a lino yellow colour. (Oahonrs.) 

Piperidine with Protochloride of Platinum. — Protochloride of platinum 
acts violently on piperidine, forming the compound C 10 NlI u ,FtCl. 
The solution of this salt in a largo quantity of boiling water, deposits, 
on evaporation, the piperidine-compound corresponding to Magnus’s 
green ammonio-protochlorido of platinum. (Williams, Chem. Gaz . 
1858, 346 ; J. pr Ghem. 7 G, 251.) 

ChlomplatinaU of Piperidine, . — (O 10 NII ll ,TICl,PtOF, according to 
Cahours (x, 449); <>NIF* 1101, FtCl 2 , according to Wertheim (p. 14). 
This last formula is very doubtful. 

Piperate of Piperidine. — Obtained by dissolving piporic acid in 
aqueous piperidine, as a crystalline pulp, and on dilution, in colourless 
lamimo, having a silky lustre. In contact with the air or with oil of 
vitriol, it turns yellow from loss of piperidine. Melts at 100” without 
further alteration, and when strongly heated, gives off piperidine and 
decomposes. When heated for some time to 150°, it becomes partially 
insoluble in water, but if then dissolved in an alkali, yields unaltered 
piperic acid when decomposed by acids. With pentacldoride of phos- 
phorus, it behaves like piperic acid, Contains 26*75 per cent, piperi- 
dine. (v. Babo k Keller.) Calc. 28*05 per cent. 



Pried over oil of vitriol. 


v. Babo & Keller. 

34 C. 


67*32 

66-11 

N 

14 .... 

4-62 


21 H. 

21 .... 

6’93 

........ 7*29 

8 O. 


21*13 



C^H 10 O 8 ,C J0 Nan 303 .... 100*00 

It had lost a portion of its piperidine, (v. Babo & Keller.) 

Piperidine coagulates white of egg after a quarter of an hour. 
(Wertheim.) 



PIPERIDINE-UREA. 


15 


Conjugated Compounds of Piperidine . 

Piperidine with Sulphide of Carbon C 22 N 2 H 22 S*. 

PipSryl-sulfocarbonate de piperidine. (Gerhardt, Trait t 4,105.) Sulfocarbonyl- 
Pijnperyl-Sulfbiaminsaure. (Weltzien Syst. 23.) 

This compound, discovered by Cahours (x. 448), is obtained by 
carefully dropping sulphide of carbon into piperidine, and crystallising 
the product from alcohol. It forms slender needles belonging to the 
oblique prismatic system. (Fig. 100.) Rhombic prism w, having the 
oblique terminal face i, resting on its obtuse lateral edge. The obtuse 
edges formed by i and u are truncated by the octahedral faces a ; 
u : u in front = 116° 4 ; on the side = 63° 56 ; i : u above a = 96° 52' ; 
a : u = 141° 6'; a : i = 135° 46, calculated. (De Senarmont, N.itm, 
Chim. Phys. 34, 89.) 

Gerhardt assigned to it tbe formula — 

N H C 10 H 9 CC ! S 2 '' " "} 

C 10 H 12 N f ~ pjperyl} sulphocarbonate of piperylammoniura. 


Piperidine-urea. 

C^IPO’ = C 10 CyAdH 8 .H 2 0 J . 


Cahours. N. Am. Chim . Phys . 38, 84. 

Piperyl-urea, Ur he piperidigue. 

Formation . 1. From cyanic acid vapour and piperidine. — 2. From 
dissolved sulphate of piperidine and cyanate of potash. — 3. From 
moist chloride of cyanogen and piperidine. 


Preparation , A mixture of the solutions of sulphate of piperidine 
and cyanate of potash, in equivalent proportions, is boiled down to 
dryness, and the residue is exhausted with strong alcohol. The alcoholic 
solution left to evaporate freely, yields crystals of the compound urea. 


Properties. Long white needles. 


12 C 

72 .. 

.. 56*25 ... 

Cahours. 
56-32 

2 N 

28 

.. 21-87 ... 

22-05 

12 11 

12 .. 

9-37 ... 

9*41 

2 O 

16 ., 

.. 12-51 ... 

12 22 


....... 128 .... 100-00 100-00 

May be regarded as carbamide in which 1 At. H is replaced by piperyl, — 
- N 2 . £c 10 H 9 . (C 2 © 2 ) " . 


Soluble in water and in alcohol . 
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Methyl-piperidine-urea. 

C l4 N 2 H 14 0 2 = C 10 (C 2 H 3 )GyAdII 7 5 H 2 0 2 . 


Cahours. N. Ann. Chim. Phys. 38, 85. 


Metfiyl-piperyl- urea. Methylur&e piperidlque. 

Piperidine "becomes intensely hot when vapour of cyanate of methyl 
is passed into it, and solidifies on cooling. The mass is purified by 
pressure and recrystallisation from boiling alcohol. 

Long needles having a strong lustre. 



Fused. 


Cahours. 

14 C 

84 .. 

.. 59*15 

58*91 

2 n 

28 

, 19*71 ... 

19*52 

.14 H 

14 ... 

. 9*86 ... 

10*04 

2 0 

16 ... 

.. 11*28 ... 

11*53 


C 14 N 2 H 14 0 2 142 .... 100-00 100*00 


Carbamide in which 1 At. H is replaced by methyl and another by piperyl, — 
N 2 . H 2 .C 2 H 3 .C 10 H 9 .(C 2 O 2 ) 


Dissolves easily in boiling alcohol. 


Ethyl-piperidine-urea. 

C 16 N 2 H 18 0 2 = O 10 (C 4 n 6 )OyAdH 7 ,H 2 O 2 . 


Cahours. N. Ann . Chim. Phys. 38, 86. 


Obtained similarly to methyl-piperidine -urea, by the action of cya- 
nate of ethyl on piperidine. Resembles the preceding. 


16 C 

.... 96 ., 

.... 61*54 .. 

Cahours, 

mean. 

61*54 

2 N 

.... 28 

... 17*94 .. 

18*13 

16 H 

.... 16 .. 

... 10*26 .. 

10*22 

2 0 

.... 16 . 

... 10*26 . 

10*11 

C l6 iN 2 H 16 0 2 

.... 156 . 

... 100*00 .. 

100*00 


Carbamide, in which 1 At, H is replaced by ethyl and another by piperyl, - 
= NWH\W.(C 2 O s )". 


Methyl-piperidine . C 10 N(C 2 H 3 )H 10 and Ethyl-piperidine. C l0 N(C 4 H B )H 10 . 
(see vol x, pp, 449, 451.) 
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Amyl-piperidine. 

C 20 NII 21 = C l0 (C 10 II u )NH 8 ,IP. 


Cahours. JSF. Ann. Chim. Phys. 38, 95. 

Mylepiperidine. 

Piperidine is heated with iodide of amyl in the water-bath for 
several days; the resulting crystalline mass is dissolved in a small 
quantity of water, and distilled with lumps of caustic potash. The 
oily distillate is dried with fused hydrate of potash, and rectified. 

Colourless oil, boiling at 186°, and smelling like ammonia and 
fusel-oil. Vapour-density = 5*477. 





Cahours. 


Vol 

Density. 

20 C 

120 . 

... 77-41 

.... 77-54 

C-vapour 

... 20 .... 

.... 8-3200 

N 

. ... 14 . 

... 9-04 

.... 9-17 

N-gas 

... 1 

.... 0-9706 

21 H 

21 . 

... 13*55 

.... 13-C3 

H-gas 

... 21 .... 

.... 1-4553 

C 20 NH 21 

155 . 

... 100-00 

.... 100-34 

Vapour of C^NH 21 2 .... 

1 .... 

.... 10-7459 
.... 5-3729 


Less soluble in water than methyl- or ethyl-piperidine. 
Forms crystallisable salts with most acids. 


Hydriodate of Amyl-piperidine. — Broad, white, sinning laminae. 


Cahours. 

20 C 120 .... 42*55 .... 42-26 

N..„ 14 .... 4-96 .... 5-12 

22 H 22 .... 7-80 .... 7*74 

I 126 .... 44-69 


C 2(I NH 21 ,HI 282 .... 100-00 


CMoroplatinate of Amyl-piperidine . — Bichloride of platinum separates, 
from the warm solution of hydrochlorate of amyl -piperidine, dark 
orange-yellow oil-drops, which, after a few hours, solidify in the 
crystalline form. From solution in moderately warm dilute alcohol, 
the compound crystallises in very hard prisms of a fine orange-red 
colour. 


Cahours. 




N 

14-0 

... OO 6Q .... 

... 3*87 

.... ©a jlo 

22 H 

22*0 

... 6*10 .... 

.... 6'23 

3 Cl 

106-5 

... 29*54 


Pt 

98-0 

... 27*21 .... 

.... 27*39 

C»NH a ,HCl,PtCl*.., 

. 360-5 

... 100*00 



Benzopiperide. 

C^NTFO 2 = C w KH 8 (C 14 IP0 2 ),II 3 1 
Cahours. V. Ann. Chim Phjs. 38, 88. 

VOL. XV. 


c 
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By treating piperidine with chloride of benzoyl? a heavy oil is 
obtained which, when treated with acidulated water, yields hydro- 
chlorate of piperidine, while benzoyl-piperide remains undissolved, and 
quickly solidifies; it is purified by reerystallisation from alcohol. — 
Beautiful colourless prisms. 


Cahours. 

mean. 


24 C 

144 .. 

.. 76-19 .... 

.... 75-91 

N 

14 .. 

.. 7-41 .... 

.... 7'57 

15 H 

15 .. 

.. 7-94 

.... 8-11 

2 O 

1G .. 

.. 8-46 .... 

.... 8-41 


C 24 NH 15 0 2 189 .... 100-00 100-00 


Cumylpiperide. 


0'°NII 21 0 2 = C 10 NII 8 (C 20 II n 0 2 ),TP? 


Cahours. N. Ann . CUm. Phjs. 38, 88. 


Obtained like the preceding, by the action of chloride of cumyl on 
piperidine. — Beautiful tabular crystals. 





Cahours. 

30 C 

... 180 . 

... 77-92 ... 

78-05 

N 

... 14 . 

... 6-06 


21 H 

... 21 . 

... 9-09 ... 

9-18 

2 O 

... 16 .. 

... 6-93 


C 30 H 21 NO 2 

... 231 . 

... 100-00 



Conjugated Compounds of Piperic Add. 

Pipeline, 

C 34 NIP0 c . 


Oersted (1819). Seine. 29, 80 ; J. Ph/s. 90, 173. 

Pelletier. Ann. Chim. Ph/s. 1G, 344; Schuu 32, 435; Ann. Clrnu 
Phjs. 51, 199 ; Sclrn. 67, 93 ; Ann. Pharm . 6, 33. 

Merck. N. Tr . 20? 1? 34. 

Wackenroder. Br. Arch. 37, 349. 

Duelos. SeJnv. 61, 220, 

Yarrentrapp k Will. Ann. Pharm . 39, 283. 

Th. Wertheim. Ann . Pharm. 70, 58; Pharm. Centr. 1849, 520; K J. 
Pharm. 17, 65; Compt . Chim. 1849, 375; IM. Jxopp. Jahreskr . 
1849,378. • 1 

Gerhardt. Compt. Chim. 1849, 375 ; TM. Kopp , JaJimber. 1849, 
379 ; Rev. Scmit. 10, 201 ; iY. Ann. Chim . Phjs. 7, 253. 

Ahderson. Ann. Pharm. 75, 82 ; Compt. rend. 31, 136 ; Ann. Pharm. 
84, 345 ; Lkb. Ixopp. Jahresber. 1852, 545. 
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Cahoutjs. Conipt. rend. 84, 481 ; J. pr. Ohem. 5G, 208 ; Ann . P/mm. 
84, 342; Gaz. 1852, 1G7. — In detail : N. Arm. Chim . Flips. 

38, 76. 

Stenhouse. Arm. Fharm. 95, 10G. 

y. 13 Abo & E. Keller. Dksert. von Id. Keller , Freiburg, 185G, 16; 
J. pr. Ghent . 72, 53; abstr. Ghent. Centr. 1858, 541; Ghent. Gaz . 
1858, 7; Kopp's J ah rasher. 1857, 413. 

A. Streckee. Ann. Fharm. 105, 817; J. pr. Ghent. 74, 191; Kopph 
Jakresber. 1857, 415. 


Discovered by Oersted in 1819. 


Source. In black and long pepper. — Tn black pepper from Western 
Africa, Cubeba Glum , which does not contain any cubebin. (Stem 
house.) 

Preparation. 1. Coarsely pulverised pepper is exhausted with cold 
water; the residual powder repeatedly digested with alcohol of 80 
per cent. ; the alcohol distilled off from the tinctures ; the residue eva- 
porated to au extract, and this extract, after standing for several 
days, washed with cold water. The umlissolved residue is then dis- 
solved in alcohol ; a quantity of hydrate of lime is added, equal to T Vof 
the pepper used; and the liquid, filtered after a day’s digestion, is 
left to crystallise. The resulting crystals, if impure, may bo purified 
by trituration, washing with ether, and rccrystallisation from al- 
cohol, with help of animal charcoal. (Wittstein.) — Vogel (Br. Arch. 26, 
294) first recommended the washing of the pepper with water; Pfeil (Mag. Fharm . 
13, 5G) and Hoff (Repent. 25, 400) the use of hydrate of lime. IienJkenius (Mag. 
Fharm. 13, 59) proceeds in a similar manner. The pipeline thus obtained amounts to 
2*4 p. c. of the pepper. 

2. White pepper is exhausted with alcohol of sp. gr. 0*833 ; the 
tincture is distilled to an extract ; and this extract is mixed with potash- 
ley, which dissolves the resin and leaves a green powder. The latter 
is washed with water, dissolved in alcohol of sp). gr. 0*833 and crys- 
tallised. By repeated crystallisation the pipeline is obtained colour- 
less. (Ponte t, /. Chim. Med. 1, 531 ; Berzd. Lehrb. 3 Aufl. 7, 577.) — 
This method is preferred by Pelletier and Berzelius. See also Buchner 
(Eepert. 22, 270); Carpenter, Sill. Am. J. 1.3, 834; Moll (Briajn. Giorn . 
17, 7G). — S teahouse dissolves the extract of cubebs, prepared with 
wood-spirit, in alcohol, and mixes it with strong potash-ley, whereupon 
a brown oil separates, which yields crystals on standing. The mother- 
liquor, if again mixed with alcohol, yields another portion of oil, which 
likewise deposits crystals on standing. These crystals are purified by 
pressure and recrystal lisation. 

3. Winekler distils the alcohol from the alcoholic tincture of long 
pepper ; dissolves the residue in the required quantity of hot alcohol ; 
precipitates the solution with basic acetate of lead ; mixes the filtrate 
while warm with as much sulphuric acid as is necessary to precipitate 
the lead; filters while warm; distils the alcohol from the filtrate; ex- 
hausts the residue with water; and dissolves the undissolved portion 
in hot alcohol, whereupon piperine crystallises on cooling. (Mag. 
Fharm. 18, 153.) 

Impure pipeline maybe purified by washing with absolute alcohol, 
or better with weak potash-ley. (Henry & Bliss on.) 



2G PRIMARY NUCLEUS C 24 H 1} : OXtGEN-NUCLELS C 21 II 10 OL 

Properties. Colourless, vitreous, flattened, four-sided, obliquely 
truncated prisms. (Pelletier.) Rhombic prisms, with lateral angles 
of 95 and 85°. (Cmelin.) Oblique rhombic prisms, with angles of 
92° 45' and 87° 15'. The terminal face is obliquely set on the obtuse 
lateral edge, with angles of 106' 30' and 73° 30'. (Wtwkcnrodcr.) Ithom- 
boidal prisms, with angles of 85° 40' and 94° 20 . _ (Regnault.) . Kopp 
( Einleitung in die Krystallographie , s. 312,) describes rhombic pnsms ol 
84° 30', the acutely set terminal face making an angle of 75° 50 with 
the prism. — Rhombic prism, having its base set obliquely upon the 
obtuse lateral edge ; the acute lateral edges often truncated. Fig. 85, 
without a and /; u : u = 84° 42 ; i : u (behind) =75° 30 32 . (Dauber, 
Ann. Pharm. 74, 204 .) — Crystals belonging to the oblique prismatic 
system. Fig. 87 without a. Rhombic prism, u : u (in front) = 95 ^22^ *, 
on the edge truncated by q therefore, u : u = 84° 38' ; u : h : ~ 120° 42 ; 
u behind, 75° 45', in front 104° 15'. i:k = 135° 3'; h : h = 121° 13. It 
is only in very small crystals that the angles of the rhombic prisms 
can be measured. In larger crystals the faces are curved, and the 
edges imperfectly developed. The octahedral faces h were developed 
only in one of the crystals examined. Ilaidinger states, however, 

' that truncations of the combination-edge i : u above and in front by 
the other half of the octahedron (Fig. 100, cl) likewise occur. — The 
crystals have an imperfectly vitreous, sometimes fatty, lustre. Colour 
of the crystals examined, greenish yellow, or lemon-yellow. Trans- 
parent to semi-transparent ; trichromatic. With the dlchroscopic lens, 
the following tints are observed : Perpendicular to i ; nearly colourless, 
brightest tint ; colour of the axis b which unites the faces t : yellow, 
comparatively light ; that of the axis a (parallel to i ) : yellow, compa- 
tively dark. (Schabus, Bestimmung d. Krystallgest. p. 177.) 

Piperine melts at about 100° (Pelletier) ; at 110° or above (Wack- 
enroder) to a pale yellow limpid oil, which solidifies on cooling to a pale 
yellow, transparent, strongly refracting resin (Gmelin, Wackenroder). 
Sp.gr. of fused piperine 1*1931 at 18°. (Wackenroder.) Nearly taste- 
less by itself (Vogel), but has a sharp peppery taste when dissolved 
in alcohol. Impure piperine has a sharp taste, even by itself. It has 
no alkaline reaction. (Pelletier.) Its solution docs not deflect the 
plane of polarisation of light. (Bouehardat, iV. Ann. Chim. Phys. 9, 227.) 

Liebig. Pelletier. Regnault. 

wean. 

34 C 204 .... 71*58 69*78 .... 69*47 .... 71*19 

N 14 .... 4*91 4*09 .... 4*51 .... 4*94 

19 H 19 .... 6*67 6*69 .... 6*80 .... 6*78 

6 O 48 .... 16*84 19*44 .. 19*22 .... 17*09 

C^NH^O® .... 285 .... 100*00 100*00 .... 100*00 .... 100*00 

Gerhardt. Laurent. Stenhouse. 
mean. mean ■ 

C 71*52 71*66* 71*72 

N 4*81 4*76 

H 6*68 6*66 6*66 

O 16*99 16*86 

100*00 100*00 

Will & Varrentrapp found 4*56 p. c. N, 

Regnault (Ann. Chim. Phys. 68, 158) first gave the correct formula, which was 
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corroborated by Laurent (Ann. Chim. Phys. 19, 363), and finally settled by StreeVer's 
investigation. Older formulae : C^NH'^O 8 (Pelletier) ; C 40 N H 2: 0 8 (Liebig, Ann 
Pharm. 6, 36); C' (, N-U ; «0 12 (Gerhardt) ; CWHTO 12 (Wertbeim); C^N-IT^O’ 2 
(v. Babo & Keller). Compare also O. Henry & Pliesou (/. Pharm . 17, 119). 


Decompositions. 1. Pipeline blackens by dry distillation , and yields 
a brown empyreumatic oil, from which carbonate of ammonia crystal- 
lises. (Gmelin.) — 2. Heated in a platinum spoon, it melts like wax, 
takes fire at a stronger heat, and leaves an easily combustible charcoal. 
(Merck.) — 3. Pipeline suspended in acidulated water and exposed to 
the action of the electric current , is violently attacked, as also by 
hot concentrated nitric acid. (Hlasiwctz & Rochleder, Wien. AJcad. 
Ber . 5, 447.) — 4. It is coloured blood-red by oil of vitriol , loses this 
colour on addition of water, and, if the action of the oil of vitriol has 
not been continued for a very long time, does not appear to be sensibly 
altered. (Pelletier.) Oil of vitriol dissolves part of the piperine with the same 
colour, and water precipitates it in flocks. (Dulong, J. Pharm. 11, 52.) The solu- 
tion becomes black on standing. (Wackenroder.) See also Duflos (Schw. 61, 220.) 
This solution in oil of vitriol, on being mixed with bichromate of potash, gives off 
gases, and assumes a brownish green colour, finally changing to dirty green; peroxide 
of lead colours it dirty brown-red, and ultimately black. (Riegel N . Br. Arch. 58, 
293). Compare also Eboli (AT. Br. Arch. 85, 186.) — 5. Bromine converts pipe- 
rino into a peculiar, non-crystalline product. (Gerhardt.) — 6. Iodine acts 
upon it only when the two are fused together, forming a dark black- 
brown mass, which hardens on cooling. (Wackenroder.) — 7. j Nitric 
acid colours pipeline greenish yellow, orange, and then red ; dissolves 
it with a yellow colour, the solution yielding dirty yellow flakes when 
mixed with water, and, on further action, produces oxalic acid, together 
with a yellow artificial hitter. (Pelletier, Oersted, Wackenroder.) 
Strong nitric acid forms an orange-red resin, which partly dissolves 
with deepening colour when heated. The solution no longer yields 
piperine when treated with water or alkalis. (Duflos.) The brown 
resin which is produced from piperine by nitric acid, with violent 
action, evolution of nitrous acid, and the odour of bitter almond-oil, 
assumes a splendid blood-red colour when treated with hydrate of 
potash, and when boiled therewith, yields a distillate of piperidine. 
(Anderson.) Von Babo & Keller, by treating piperine with nitrous 
acid , and subsequently distilling it with potash-ley, obtained volatile 
needles which had the odour of cumarin, molted in boiling water, 
dissolved in alcohol and ether, and, after fusion with hydrate of 
potash, gave the reaction of salicylic acid with scsquiohloride of iron. 

8. By boiling with alcoholic potash , piperine is converted into 
piperidine and piperate of potash, (v. Babo & Keller). C 8 *NH 1# 0 a 
■f K0,IT0=C 24 KIl fl 0 8 + C , 0 NH. n . (Strecker, Ann. Pharm . 105, 317.) 
When heated with potash-lime it yields a volatile base (Wertheim, see 
page 18 ; also x. 446) piperidine. (Cahours.) The distillate contains 
water, two volatile bases, the piperidine constituting the chief portion, 
and traces of aneutral body having an aromatic odour like that of benzoin. 
(Cahours.) If the mixture is heated in the oil-bath, not above 160°, no 
ammonia is produced, and there remains a brown mass, which hardens 
on cooling. If this be pulverised, washed successively with cold water 
and alcohol to remove hydrate of potash and undecomposed piperine, then 
repeatedly digested with hot dilute hydrochloric acid, and the result- 
ing resinous cake dissolved in alcohol, water separates from the solu- 
tion, yellow flocks, which, after dying in vacuo, contain on the average 



22 PRIMARY NUCLEUS C 24 H 14 : OXYGEN-NUCLEUS C 34 H 10 O. 


78*36 p, c. 0., 6*96 H., 4-08 N., and 15*10 0., which Wcrthoim repre- 
sents by the formula G n28 K 3 Ii 67 0~°. When pipeline Ts heated with soda- 
lime to a temperature above 200°, a larger quantity of piperidine is 
obtained, together with ammonia, and the residue it supersaturated 
with hydrochloric acid, deposits yellow flocks containing 71*41 p. c. 0., 
5-65 I~L, and 22*94 O., according to Wertheim = (J 58 U 27 0 u . Pipeline 
heated with hydrate of potash > melts, gives otf a sharp odour of pepper, 
and yields a milky aqueous distillate. When more strongly heated, 
it gives off hydrogen gas with intumescence, and finally ammonia. 
(Gerhardt.) — *9. Heated with bichromate of potash and dilute sulphuric 
acid, it gives off a large quantity of carbouic acid, and yields a slightly 
acid aqueous distillate which reduces nitrate of silver. The residue smells 
like bitter almonds, and when evaporated to dryness and exhausted, 
first with alcohol, then with water, leaves a greenish amorphous 
extract. (Gerhardt.) — 10. Permanganate of ‘potash added to a solution 
of pipeline mixed with sulphuric acid, colours it green after a few 
hours, (Duflos.) 

Combinations . Pipeline is insoluble or very sparingly soluble in cold 
water, slightly in hot water, whence it is deposited on cooling, (Pel- 
letier, Oersted.) 

It is not perceptibly soluble in aqueous mineral acids ; neither docs 
it combine with them. (Pelletier, Dulong, Regnault.) 

Pipeline combines with iodine, forming shining, bluish black needles, 
soluble in alcohol, and containing 0 68 N 2 H 38 0 12 1 3 . (see Weltzien, Syst. 
Zu-sammenst . 562.) 

With Hydrochloric acid. Fuming hydrochloric acid colours pipeline 
deep yellow, itself acquiring* the same colour by contact with it. (Pel- 
letier, Dulong.) The solution of pipeline in alcoholic hydrochloric acid 
leaves, when evaporated in vacuo, a residue free from hydrochloric 
acid. (Regnault.) When dry hydrochloric acid is passed over air- 
dried pipeline, ultimately heated to fusion, the mass acquires a lemon- 
yellow colour, changing to light brown, and takes up 13*05 to 13*74 p. c. 
HOI, without separation of water. (U 34 NH 19 O c , HOI = 12*63 p. c. HOL) 
The transparent mass solidifies in the ciystalline form on cooling, is 
decomposed by water into pipeline and aqueous hydrochloric acid, and 
dissolves in alcohol. (Varrentrapp & Will.) 

From solution in perchloric acid , piperinc crystallises out unaltered 
by spontaneous evapoiation. (J. Rodeckcr, Ann. Pharm. 71, 63.) 

Pipeline does not dissolve in aqueous ammonia or in the fixed alkalis . 
(Merck.) 

Phosphomolybdic acid colours pipeline brown-yellow, and precipi- 
tates it in flocks. (Sonnensehein, Ann. Pham. 104, 45.) Pipeline like- 
wise forms a yellow precipitate with a very dilute solution of ph orphan- 
timonic add (the acid mixture obtained by dropping pentachloride of 
antimonyinto aqueous phosphoric acid.) (Schultze, Ann. Pharm. 109, 179.) 

Pipeline with Chloride of Cadmium. — Straw-yellow needles containing 
C 68 ls HFO 12 , 2lICl ) 9GdCl + GHO. (Gallotly, N. Edkb. Phil. J. 4, 94 ; 
Chem. Centr. 1856 , 606.) 

With a very dilute solution of pota&sio-mer curie iodide , pipeline 
forms a yellowish white, permanently amorphous precipitate. (Belffs 
N. Jahrb. Pharm. 2, 31.) 

Chloromercuraie of Pipeline is obtained hy mixing a solution of 1 pt. 
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pipeline in strong alcohol acidulated with hydrochloric acid, with an 
alcoholic solution of 2 pts. mercuric chloride, collecting the crystals 
after three days, and washing them with alcohol. Yellow, shining, 
transparent crystals which become darker by exposure to the air, or 
at the heat of the water-bath. They belong to the doubly oblique 
prismatic system. The crystals consist of three hexa'id faces //, z, u 
(fig. u\ the edge between y and u, to the right above, being truncated 
by a dodecaid face g ; the edge between u and z, to the left in front, 
truncated by three dodcca'id faces v, v\ v 2 (in the Jiguro v and v 2 would 
come between v and z ) ; tlio edge between s and n truncated by a 
dodecaid face w ; tiro edge between z and//, to the front above, trun- 
cated by a decaid face t ; the edge between // and s, to the front 
below, truncated by a dodecaid face t! ; and the summit between «, v, 
y, to the right above, truncated by an octaid face o. — z : u = 102° 51 ; 
z no — 144° 85 ; w : u = 188° 10' (by calculation) = 188° 18' (by obser- 
vation); y : w = 110° 9'; z : v = 188° 31' ; u (left) : v = 128° 87'; 
y : v = 106° 51'; w : vovov z = 1)8° 0' ; z : v = 108° 58' (calculated) 
= 170° 8 / ( observed); u (left) : v l = 87° 10' (calculated) = 87° 4 f 
(observed); ?/ : v l ~ 120° 4'; v : v l = 148° 83'; z : v 2 = 178° 28'; 
u (left) ; v 2 = 101° 2(/ ; y : u over g = 102° 24' ; g : y = 147° 35' ; 
g:u = 184° 49'; <j : e = 120° 18' (calculated) = 120° 20' (ob- 
served) ; y : c = 121° 40' ; : * = 111 0 52'; : # = 91° 22'; ^ : y = 

126° 21' ; t:y = 123° 51'; o : * (behind) = 98° 17' (calculated) = 
98° 15' (observed) ; o : u = 180° 19'; o : y = 125° 59 ; o : v behind 
= 125° 75' ; o : to = 141° 25'; o : = 141° 3'. The faces v 1 and r 2 

occur but rarely. The crystals are short prisms in the direction of 
z and u. They are plane and smooth faced, n only being sometimes 
curved. Lustre vitreous, somewhat fatty and adamantine. Transpa- 
rent to semi-transparent. Slightly trichromatic. Powder lemon-yellow. 
(Schabus, Bestmmung , p. 198.) 

Insoluble in water, sparingly soluble in strong hydrochloric acid and 
in cold alcohol, more easily in hot alcohol. (Hinterberger, Wien. A lead. 
Ber. 0, 114 ; Ann. Pliarm. 77, 204 ; J. pr. Cham. 53, 240). 


68 C 

408*0 

... 46*49 

Hinterberger. 

mean. 

46*75 

2 N 

28*0 

... 3*19 


39 H 

39*0 

.. 4*44 

4*49 

12 O 

, 9G*0 

... 10*94 


2 Hg 

200*0 

... 22*79 , 

22*35 

3 Cl 

100*5 

... 12*15 


2C M NH w O c ,HCl,2HgCL., 

, 8:7*5 . 

... 100*00 



According to Hinterberger it is C^N 2 H 3 3 r O w ,HCI,2HgCl+ 2HO. 

When an alcoholic solution of hydrochloric of piperme mixed with alcoholic 
cyanide of mercury is left to evaporate in the air, a reddish yellow resin is obtained, 
together with free pipeline. 

Ckhroplatinate of Piperine.-— First observed by Yarrentrapp & Will — A con- 
centrated alcoholic solution of piperine is mixed with concentrated 
alcoholic bichloride of platinum and fuming hydrochloric acid, the 
mixture is left to evaporate, and the resulting crystals are washed 
with strong alcohol Large aurora-red crystals belonging to the 
oblique prismatic system. Taste sharp and burning. Unalterable at 
10(Y, melts somewhat above 100°, and decomposes with strong tuuae- 
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faction (Wertheim.) Dissolves very sparingly in water, being resolved 
at 'the same time into hydrochloric acid and pipcrine [and bichloride of 
platinum]. (Yarrentrapp & Will ; Wertheim.) Dissolves in cold alcohol, 
and very abundantly in hot alcohol, so that on cooling, a targe quantity 
of a fiery orange-yellow powder is precipitated. ( W ertheim.) 

Wertheim, 

mean. 


68 C 

.. 408*0 

.... 52*54 ... 

.... 54*52 

2 N 

.. 280 

.... 3*G0 ... 

.... 3*53 

89 H 

.. 39*0 

.... 5*02 ... 

.... 5*30 

12 O 

.. 96*0 

.... 12*43 ... 

.... 10*54 

Pt 

.. 98*7 

.... 12*71 ... 

12*70 

3 Cl 

... 106*5 

.... 13*70 ... 

. ... 13*41 

2C 34 NH l9 O f ’ J HCl,PtCl 2 .. 

.. 776*2 

.... 100*00 .... 

100*00 


Wertheim ’s formula C 70 N 2 H 37 O 10 ,HCl,PtCO 2 agrees better with his analysis, but it 
assigns to free piperine, the formula C 70 N 2 H 37 O 10 or C 7 °N 2 H 37 O l ° + 2HO, which is not 
at all probable. 

Pipeline dissolves readily in acetic acid ; the solution is precipitated by 
water, and yields feathery crystals by evaporation. (Pelletier, Merck.) 

It dissolves more readily in hot alcohol than in cold, and is pre- 
cipitated by water. (Pelletier.) Soluble in 30 pts. of cold, and in an 
equal quantity of boiling alcohol. (Wittstein.) The solution is ren- 
dered milky by water, and deposits the piperine in small crystals. 
(Wackenroder.) 

Piperine dissolves in 60 pts. of ether (Merck), in 100 pts. of cold, 
and in a smaller quantity of warm ether. It dissolves in volatile oils , 
and crystallises as the solvent evaporates. . (Pelletier.) It dissolves 
abundantly in warm creosote , and remains dissolved on cooling. 
(Peichenhach.) 


Oxygen-nucleus C 24 H 6 0 fl . 

Glaucomelanic Acid. 


C 24 H s 0 14 = C 24 H 6 G 8 ,G e . 


Wohler & Mebklein. Ann. Pharm. 55,120. 

Known only as a potash-salt» 

Formation. 1. By the action of the air on cllagic acid in presence 
of excess of alkali. — 2. On mixing ellagate of potash with hypochlo- 
rite of potash. 

Preparation of Glaucomelanate of Potash. — Ellagic acid is dissolved 
in cooled, moderately strong potash-ley, and left to stand in contact 
with the air, whereupon the solution first assumes a deep reddish 
yellow colour, then becomes lighter, and, commencing from the sur- 
face, deposits glaucomelanate of potash in slender black crystals, in- 
termingled with ellagate, if the solution has stood for too long a time 
in contact with air containing carbonic acid. The liquid is decanted 
before the separation of ellagate of potash begins, and the black 
crystalline powder is washed, first with water containing potash, 
then with pure water. Glaucomelenate of soda may also may be obtained by 
heating ellagic acid with soda-ley; but it is more difficult to purify. 
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Properties of the Potash-salt. — Blue-back, crystalline, shining 
powder, appearing under a magnifying power of 200, to consist of 
broad, thin prisms, black-blue by transmitted light. The air-dried 
salt gives off in vacuo f of its crystallisation-water, and the rest 
at 100° without further alteration, the total quantity being on 
the average 16*84 p. c. (calc. 4 at. HO=l7*53 p. c.) 



at 120°. 


W oliler & Merklein. 

24 C 

144'0 .. 

.. 42*55 .... 

40-96 .... 

41-72 

4 H 


... 1'18 .... 

0-98 .... 

1 “29 

12 O 

96-0 ., 

... 28*38 ... 

29*38 ... 

30-16 

2 KO 

94*4 .. 

... 27*89 ... 

28-68 ... 

26*83 

C 24 K?H 4 0 14 ... 

338-4 .. 

... 100-00 ... 

100-00 ... 

100-00 


The reproduction of ellagic acid from glaucomelamc acid makes the formula of the 
latter appear doubtful. (Gerhardt, TraiU 3, 873.) 

Decompositions . 1. Glaucomelanate of potash when heated in a tube, 
gives off water, carbonises, without yielding any empyreumatic products, 
and leaves charcoal, together with carbonate of potash. — 2. It dissolves 
abundantly in hot water anti in contact with the ah, with green, and 
afterwards with yellow, colour, forming cllagatc of potash, which 
separates from the solution on cooling. If the potash-salt be heated with 
yrater, and evaporated to dryness, a dirty olive-green mass is obtained, equal in weight 
to the original salt. The latter yields 73 p. C. of brownish ellagic acid, and a quantity 
of chloride of potassium equivalent to 29 pts, of potash 3. Heated with hydro- 

chloric acid , it yields a deposit of ellagic acid. — 4. With nitrous acid 
vapour , it assumes a fine purple-red colour. — 5. In hot concentrated 
potash-ley it dissolves with deep emerald- green colour, quickly chang- 
ing to deep yellow in contact with the air. 

The acid dissolves sparingly, in cold water , with blackish purple 
colour. It is insoluble in alcohol . 


Primary Nucleus C 24 H 16 : Oxygen-nucleus C w II 12 0 4 . 


Filipelosic Acid. 

C* 4 IP0 8 = C 24 IP0 4 ,0 4 ? 


Luck. Jahrb.pr . Pharm. 22, 139 and 141. 

Filimelisic acid. 

Preparation . 1. Filicic acid (from Aspidhm Jitix mas, see below) is 

dissolved in warm, very dilute potash-ley ; the solution exposed to the 
air for a week ; and the filtrate precipitated with dilute sulphuric acid. 
1 The precipitate is washed, dried and obtained as a loosely coherent 
\powder, by solution in ether-alcohol and f p mtaneous evaporation of 
the filtrate. — 2. When filicic acid is heated with dilute alcoholic 
ammonia to 80° or 100° for some time out of contact with the air, the 
liquid then precipitated with sulphuric acid, and the precipitate purified 
in 1, Luck’s filimelisic acid is obtained. 
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Properties. Amorphous loam-coloured powder ; when prepared by 2, 
it consists of microscopic spherules. Tasteless. 


Luck. Luck. 

mean. mem. 

In vacuo. a. dn vacuo. b, 

24 C .... 144 .... 65*45 .... 64*92 24 C 144 .... 02*88 .... 62*81 

12 II.... 12 .... 5*45 .... 0*16 13 II 13 .... 5*67 .... 5*71 

8 0.... 64 .... 29*10 .... 28*92 9 0 72 .... 31*15 .. 31*48 


q2^{ii-2qs 220 .... 100*00 .... 100*00 C 24 II 12 O s ,HO 229 .... 100*00 .... 

Luck regards the acids obtained by 1 and 2 'as different, the former as C 24 H 13 0 8 , 
the latter as C 24 H 13 0 9 , although they agree perfectly in their properties, and in the 
composition of their lead-salts. The formulae given by Luck for chlovo- and bichloro- 
filipelosic acid, as well as that of filimelisi-sulphuric acid are improbable in the highest 
degree. (Kr.) 

Filipclosic acid melts and burns when heated on platinum- foil. — -It 
is converted by dry chlorine into chlorolilipelosic acid; by aqueous 
chlorine into bichlorofilipelosic acid. 

It is insoluble in water, but dissolves with brown colour in oil of 
vitriol. It dissolves readily in aqueous alkalis; the solution yielding* 
with most metallic salts, precipitates varying in colour from yellow to 
brown. 


Lead-salt. 

Precipitated 

from the 

soda-salt by neutral 

acetate 

lead. 









Luck. 



In vacuo. 


a. 


l. 

24 C 

144 .. 

. 42*23 ... 

.... 40*32 .... 

41*15 .. 

. 41*87 

13 H 

13 ... 

.. . 3*81 .... 

.... 4*07 .... 

4*06 .. 

. 4*21 

9 0 

72 ... 

„ 21*11 .... 

21*91 .... 

22*83 ... 

.. 21*60 

PbO .... 

112 ... 

.. 32*85 .... 

33*70 .... 

31*96 ... 

, 32*62 

C 24 H n PbO s . 

,2EO 341 ... 

.. 100*00 .... 

100*00 ... 

100*00 ... 

, 100*00 


a is Luck's filipelosate of lead; l his filimelisate. 


Filipelosie acid dissolves in sulphide of carbon , alcohol, ether , volatile 
oils and fixed oils. 


Filimelisi-sulphuric Acid. 

Luck. Jahrb. pr. Pharm. 22, 149. 

Preparation . Filicic acid is triturated with 6 or 8 pts. of fuming 
oil of vitriol till completely dissolved; the solution after stand- 
ing for 2 to 4 hours, is dropped into a dilute and cooled solution of 
Glauber’s, salt, avoiding all rise of temperature ; and the precipitate is 
collected, washed with cold solution of Glauber salt, to remove free 
acid, then pressed and dried. The dry mass treated with warm 
alcohol or ether, yields up its acid to the solvent, while sulphate of 
soda remains behind; the acid may then be obtained in the solid state 
by evaporating the filtrate. 

Transparent, amorphous, brown-yellow mass, which may bo 
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rubbed to a gold-yellow powder. Inodorous. Tastes bitter. Has a 
faint acid reaction. 


Luck. 

mean . 

24 C 144 .... 55'17 .... 55-32 

13 II ; 13 .... 4*98 .... 5-29 

8 0 64 .... 24*49 .... 23-90 

SO 3 40 .... 15-30 .... 15*49 


C‘ M H i:t 0 8 ,S0 :1 201 .... 100-00 .... 100*00 


After deduction of a cetain amount of ash. — So, according to Luck; but the for- 
mula is not in accordance with the principles of this Hand book. 

Insoluble in water; dissolves with deep yellow colour in alkalis. The 
solution of the baryta-salt precipitates metallic salts brown, but not 
nitrate of silver. 

Baryta-salt. — Prepared by mixing the aqueous acid with baryta- 
water, and removing the excess of baryta by passing, carbonic acid 
through the liquid, evaporating, and redissolving as long as carbo- 
nate of baryta conti nuns to separate. — Amorphous mass, having a 
fine red-lead colour, and bitter taste,* easily soluble in water. 

Calculation according to Luck. Luck. 


24 C 144 .... 42*GG .... 42*35 

13 H 13 .... 3*85 .... 3-90 

8 O 64 .... 18*96 

SO 3 40 .... 11*85 

BaO 70*5 .... 22*68 ... 23*07 


C 24 lI 13 O s ,SO :i ,BaO 337*5 .... 100*00 


Lead-salts, a. Mono-acid . — Yellowish red precipitate, obtained by 
mixing the aqueous baryta-salt with neutral acetate of lead. 


24 C 

.... 144 . 

.. 38*61 .. 

Luck. 
.. 38*34 

13 H 

.... 13 . 

.. 3*48 .. 

. 3*57 

8 O 

.... 64 . 

.. 1H5 


SO 3 

.... 40 . 

.. 10*72 


PbO 

112 . 

.. 30*04 .. 

.. 29*32 

C-'‘>H«0 8 ,SO-\PbO .... 

373 . 

... 300*00 



b. With excess of Lead-oxide. — Brick-red precipitate, obtained by 
adding neutral acetate of load to the aqueous solution of the baryta- 
salt mixed with ammonia. A precipitate of the same colour is 
obtained by treating the aqueous baryta- salt with basic acetate of 
lead. 


24 C 

144 .. 

. 20*31 .. 

Luck. 
.. 20*10 

13 H 

13 .. 

. 1*83 .. 

.. 1*87 

8 0 

64 .. 

. 9*02 


SO* 

40 .. 

. 5-64 


4 PbO 

448 

. 63*20 .. 

.. 63*49 


C S4 H 13 0 8 , SO 3 , 4 Pb O 709; .... 100*00 

The acid dissolves readily in alcohol and, in ether ^ 
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Oxygen-nucleus CJ a II s G 8 . 


Luteolin. 

c a n 6 o w = c s *n s o 8 ,o s . 

Cheyreul. (1830). /. Chim. Med. 6, 157; Ben. Jahresber. 11, 280. 
Moldenhauer. Ann. Pharm. 100, 180 ; Dingl. polyt. J. 144, 71 ; J.pr. 

Chem. 70, 478. 

Schutzenberger & Paraf. Compt. rend. 52, 92 ; Zeitschr . Ch. Pharm. 4, 
184, 

Discovered by Chevreul. — Different from Liesching’s luteolin, a preparation from 
weld, which is used in dyeing. (Comp. Chem. Centr. 1856, 159.) 

Occurrence . In dyer’s weld. (Reseda luteola.) 

Preparation. Weld is exhausted with hot alcohol of 80 per cent. ; 
the tinctures are concentrated by distilling off the alcohol, and by 
further evaporation ; and the impure luteolin which separates after 
standing for a day is collected. For purification, either the luteolin is 
dissolved in boiling concentrated vinegar, the solution evaporated, and 
the luteolin extracted from the residue by ether (containing water) ; or 
the separated impure luteolin is dried, washed several times with a small 
quantity of ether, which chiefly takes up resin, and dissolved in a larger 
quantity of ether. The whole of the luteolin thus prepared may bo 
obtained pure and crystallised, by pouring the solution into 20 times 
its volume of water, then boiling, filtering, and cooling the filtrate. 
(Moldenhauer.) The alcoholic extract of weld may likewise be dissolved 
in alcohol, the alcohol distilled off, and the luteolin precipitated from 
the hot-filtered residue by neutral acetate of lead. The precipitate is 
decomposed under water by sulphuretted hydrogen, the sulphide of 
lead collected and dried, the adhering luteolin extracted therefrom by 
ether containing water, atid then re-crystallised from alcohol. It may 
also be re-crystallised from dilute sulphuric acid, acetic acid of 15 to 20 
per cent., or water with 2 per cent, alcohol. (Moldenhauer). — 2. Weld 
is exhausted with alcohol ; the alcoholic solution precipitated with 
water, and the precipitate heated with water to 250° in a closed steel 
cylinder. After cooling, the sides of the cylinder are found to bo 
coated with crystals, which must be separated from the cake of resin 
at the bottom, and purified by two crystallisations from over-heated 
water. (Schiitzenberger & Paraf.) 

By precipitating the aqueous decoction of weld with basic acetate of lead (or agitating 
it with hydrated oxide of lead), decomposing the washed precipitate with sulphuretted 
hydrogen, and evaporating the filtrate in vacuo, Preisser (/ en, merit. 16, 56 ; J. pr. 
Chem.) obtained his luteolin in white spangles, slightly acid, « nd of sweetish bitter 
taste. This product sublimes in golden yellow needles, and, by exposure to the air or by 
boiling with chromic acid, is converted into broad gold-yellow spangles, Preisser's lutco- 
lem. It dissolves in water, is coloured bright yellow and afterwards precipitated by 
ammonia or the fixed alkalis, likewise by lime-, strontia-, or baryta -water. From a 
solution of neutral acetate of lead, it throws down a white precipitate, which becomes 
gold-yellow on exposure to the air, and from ferrous sulphate, a pale greenish-yellow 
precipitate, which turns brown when exposed to the air. It dissolves in alcohol and ether. 
(Since, however, Preisser's other statements respecting colouring matters have been 
often refuted, it is probable that these also are not deserving of much confidence. Kr.), 
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Compare, on this subject, Arppe, Ann. Pharm. 55, 101 ; Schlieper, Ann. Pharm. 58, 
359; Schiel, Atm. Pharm. 60, 76; Bolley, Ann. Pharm. 62, 150 ; Weyermatm & 
Haflvly, Ann. Pharm. 74, 226; Eisner, J. pr. Chem. 35, 377; Bolley & Wydler, J. 
pr. Chem. 43, 507 ; Wagner, J. pr. Chem. 51, 82). 

Properties . Small four-sided needles, of pure yellow colour, and 
silky lustre. It sometimes separates from ether in the amorphous 
state (Moldenhauer.) Inodorous, but tastes slightly bitter and harsh. 
Melts above 320°, with partial decomposition. Slightly acid. (Mol- 
denhaucr.) Air-dried luteolin contains 10*23 p. c. water (3 at. = 
10*42 p. c.), after drying over oil of vitriol 7‘02 p. c. (2 at. *= 7*2 p. c.) 
which goes off at 150°. (Schiitzenbcrger & Paraf.) 

Calculation according to : 

1. 2. 3. 


Schutzenberger & Paraf, Moldenhauer. Hlasiwetz, 


24 

C 

. 144 . 

.. 62*07 

40 C 

... 240 .. 

.. 62*82 

58 C 

. 318 .. 

.. 62*14 

8 

H 

. 8 .. 

.. 3-45 

34 H 

14 .. 

.. 3-66 

20 H 

, 20 .. 

3*57 

10 

O 

80 ... 

. 34*48 

16 0 

... 128 ... 

.. 33*52 

24 0 

, 192 .. 

.. 34*29 

C 24 H 8 0 10 ... 

. 232 .. 

.. 100-00 

C 40 H 14 O lf \ 

... 382 .. 

.. 100*00 

C 68 H*°0 24 ... 

. 560 .. 

.. 300*00 


Moldenhauer. Sclmtzenberger & Paraf. 

at 100°. at 150°. 

C 62-50 to 63*00 61*67 to 62*54 

H 3*70 ,, 4*08 3*49 „ 3*77 

O 33*80 „ 32*92 34*84 „ 33*G9 

100*00 to 100*00 100*00 to 100-00 

Moldenhauer analysed luteolin re -crystallised from sulphuric acid, acetic acid or 
alcohol, with nearly equal results. From his determinations of the quantities of metal 
in the luteolin-salta, he regards the formula as not completely established. According 
to Hlasiwetz (Ann. Pharm. 112, 107), luteolin might be identical with alpha-quer- 
cetrin (calculation 3) ; this however is doubted by Bolley. (Ann. Pharm. 115, 60.) 

Decompositions . 1 . By anhydrous phosphoric acid at 200°, luteolin is 

converted into a red substance, which dissolves with violet colour in 
ammonia (Schutzenberger & Paraf.) — 2. When luteolin is heated witi 
caustic ammonia to 100° in a closed tube for three or four days, a dee], 
yellow solution is formed, which, when evaporated, leaves a dark- 
coloured substance, whence ammonia is evolved by hydrate of potash, 
but not by lime ; probably luteolamide. (Schutzenberger & Paraf.) — * 
3. With warm concentrated nitric acid, it turns red-brown and partially 
dissolves, the solution depositing brown flocks .when mixed with water. 
By longer boiling, a colonrlcss solution is formed containing oxalic 
acid. — 4. By distillation with chromic acid, it yields formic acid. (Mol- 
denhauer.) — 5. Prom nitrate of silver it reduces the metal without 
previous reddening. (Bolley.) 

Luteolin dissolves in 14,000 pts. of cold and 5,000 pts. of boiling 
water, and is precipitated in the amorphous state by acids. (Molden- 
hauer.) According to Chevreul, it dissolves very easily in water* 
Dissolves in oil of vitriol , with deep reddish-yellow colour, and k 
precipitated* by water without alteration. Dissolves sparingly in dilute 
adds. (Moldenhauer.) According to Chevreul, it unites with acids. 

Luteolin unites with bases. (Chevreul.) It dissolves in aqueous 
ammonia with deep yellow colour, and remains behind free from 
ammonia when the solution is evaporated. (Moldenhauer.) 
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Luteolin with Potash. — Prepared from luteolin and carbonate of 
potash, similarly to alizarin-soda (xiv, 139), and contains 29*3 p. c. 
potash, (Moldenhaner.) (C- 4 H 8 0 10 , 2 KO= 28*92 p. c. KO [Kr.]) With aqueous 
alkalis, luteolin forms gold-yellow solutions, which undergo slow alteration on exposure 
to the air, (Chevreul.) 

Luteolin with Baryta . — Produced by mixing- a hot aqueous solution 
of luteolin with caustic baryta, then with one-third of its volume of 
alcohol (Moldenhaner.) 

Luteolin with Oxide of Lead — A hot aqueous solution of luteolin 
forms, with alcoholic acetate of lead, a beautiful yellow precipitate, 
containing 46*12 p. c. PbO. (Moldenhaner.) Alcoholic acetate of lead 
precipitates alcoholic luteolin. (Schiitzenberger & Paraf.) 


24 C 

.... 244 . 

... 31*44 

Schiitzenberger & Paraf. 
30-97 

8 H 

.... 8 . 

... 1*75 

1-98 

30 O 

... 80 .. 

... 17*90 

17*72 

2 PbO 

.... 224 .. 

... 48*91 

49*33 

C 24 H 8 O 10 ,2PbO 

... 456 .. 

... 100*00 

100*00 


Aqueous luteolin does not affect ferrous salts, but colours a very 
dilute solution of ferric chloride green at first but afterwards red- 
brown, the latter colour being produced immediately in more concen- 
trated solutions. (Moldenhauer, Bolley.) 

A compound of luteolin with cupric oxide> is formed by precipitating 
the hot aqueous solution with sulphate of copper ; it has a dark colour, 
and contains 20*16 p. c., CuO. (Moldenhauer.) 

Luteolin dissolves in 37 pts. of alcohol and 6*25 pts. ether. It dis- 
solves with peculiar facility in strong warm acetic acid , and separates 
almost completely on cooling. It does not precipitate a solution of 
gelatin. Its warm aqueous solution imparts a fine jonquil-yellow colour, 
after some time to silk and wool mordanted with alum, and olive- 
green to the same fabrics mordanted with iron. (Chevreul.) 


Oxyeldorme-nmleus C 24 C1IP0 4 . 

Cblorofilipelosic Acid. 
ammo * = c^ciipc^o 4 ? 

.Luck. Jahrb. pr. Pharm . 22, 144. 

When dry chlorine gas is passed over filipelosic acid in a bulb- tube, 
the acid melts, with rise of temperature and evolution of hydrochloric 
acid gas, to a transparent light-brown mass, which, after washing with 
■water, dissolves in ether-alcohol with dark brown-yellow colour, and 
remains behind when the alcohol is left to evaporate. 

1 Amorphous, transparent, light-brown mass, which may be rubbed 
■to a brown powder, has a faint fruity odour, a slightly bitter taste, and 
strong acid reaction* 
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24 C 

.. 144*0 

54-68 .... 

Luck. 
54-59 

12 H 

.. 12*0 .. 

4-55 .... 

.... 4*78 

Cl 

.. 35*5 . 

1348 .... 

33-50 

9 0 

.. 72*0 . 

... 27-29 .... 

27*13 

C 24 H n ClO s ,HO .. 

.. 263*5 ♦ 

... 100*00 ... 

100-00 


According to Luck it is C 21 I1 12 C10 <J (see page 20). 

Potash-ley colours tlie acid dark brown, probably forming chloride 
of potassium. 

The acid is insoluble in water, but dissolves with brown-yellow 
'colour 1 in alkaline liquids. The alcoholic solution of the soda-salt forms 
brown-yellow precipitates with most metallic salts, but darkens the 
solution of nitrate of silver without precipitating it. 


Lead-salt . — By precipitating 
neutral acetate of lead. - 

the 

dilute aqueous 

soda- salt 

In vacuo , 


Luck. 

24 C 

144-0 

.... 38*40 

38-30 

12 H 

12-0 

.... 3-20 

3-22 

Cl 

35*5 

.... 9-45 


9 0 

72*0 

.... 19*20 


PbO 

112*0 

.... 29*75 

29*31 

C 24 H I(1 C10",Pb0 + 2IIO.... 

375*5 

.... 100*00 



The acid dissolves in alcohol , more readily in ether, less easily in 
sulphide of carbon , fixed oils , and oil of turpentine. s 


Orychlorine-nnchus C 24 C1 2 II 10 0 4 . 


Biehlorofilipelosic Acid. 

C“CPIF»0 8 = C 2, C1 2 H W 0 1 ,0 1 ? 


Luck, jahrb. pr . PJiarin. 22, 146. 

Chlorine is passed into water in which filipelosic acid is suspended, 
as long as the odour of the gas disappears after the liquid has been 
left to itself for a while ; the product is then washed with water, and 
purified by solution in alcohol and spontaneous evaporation. 

Amorphous mass, which may be rubbed to a light brown powder, 
and melts at a gentle heat. Tasteless. Has an acid reaction. 




In vacuo . 


Luck. 

24 

C 

144 ... 

46-93 ... 

.... 46*68 

12 

H 

12 .... 

3 91 .... 

.... 4*09 

2 

Cl 

71 .... 

23*08 .... 

.... 23*44 

10 

0 

80 .... 

26*08 .... 

.... 25*79 


C 24 Cl 2 H 10 O 8 ,2WO .... 307 ....100*00 100*00 

According to Luck it is C 24 C1 2 H 12 0 30 (comp. p. 26.) 

Insoluble m water, but dissolves in aqueous alkalis, forming salts 
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■which, precipitate the solutions of metallic salts, like chlorofilipelosate 
of soda. 

Lead-salt — Obtained like the lead-salt of the monochlorinated acid. 



In vacuo. 


Luck. 

24 C 

.... 144 .... 

27*64 .... 

.... 27*42 

31 H 

.... 11 .... 

2-11 .... 

.... 2*15 

2 Cl 

.... 71 .... 

13*63 


9 0 

.... 72 .... 

13*79 


2 PbO 

.... 224 .... 

42*83 .... 

.... 42-95 

C 24 Cl 2 H 9 PbO s , PbO,2 H 0 

.... 522 .... 

100-00 



The acid dissolves in alcohol and in ether, sparingly in sulphide of 
carbon , fixed oils , and oil of turpentine . 


Primary Nucleus C 24 TI 18 . 

Kinovous Acid. 

? C 24 H 18 0 4 = C^IPjO 4 . 

Kawaliek. Wien. Ahad. Ber. 11, 344. — 13, 525. 

Quinovous acid. Ckinovigesaure. 

Occurrence, , In the needles of Pinus sylvestris . In the green parts 
of Thuja occidentalis. 

Preparation. 1. From Pine-needles . The needles are cut up and 
boiled with alcohol of 40° ; the alcoholic decoction is distilled in the 
water-bath, the greater part of the volatile oil then passing over with 
the alcohol; and the distillate is mixed with water. It is thereby 
separated into a dark green resinous mass containing ceropic acid, 
kinovous acid, and a small quantity of volatile oil, and a turbid watery 
liquid in which pinipicrin, sugar, traces of citric acid, oxypinotanic 
acid and pinitannic acid remain dissolved. The needles exhausted 
with alcohol still contain a little pinipicrin and jelly, which latter 
may be obtained in the manner described at page 239, vol. xiii. The 
resinous mass is dissolved in alcohol of 40 0 ; an alcoholic solution of 
neutral acetate of lead added, which throws down impure ceropate of 
lead (to be treated as described under ceropic acid) ; sulphuretted hydrogen IS 
passed into the filtrate ; and the precipitated mixture of chlorophyll 
and sulphide of lead is separated by filtration. The now yellow fil- 
trate deposits, after the alcohol has been distilled off, a semi-fluid 
resin, which dissolves in very dilute potash-ley, to a light brown 
liquid, from. which the resins may be precipitated in combination with 
lime by chloride of calcium. These resins are filtered off and washed 
with water, and the filtrate and wash-water are precipitated with a 
slight excess of hydrochloric acid, whereby faintly yellow flocks of 
kinovous acid are precipitated, to be purified by collection, re-solution 
in dilute potash, treatment of the solution with animal charcoal, and 
precipitation of the filtrate with hydrochloric acid, (Kawalier.) * 

2. From Thuja occidentalis. The decoction of the green parts of 
Thuja occidental is prepared with alcohol of 40° deposits yellow waxy 
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flakes on cooling. On subsequently distilling the liquid, alcohol and 
volatile oil pass over, while resin and a turbid watery liquid remain. 
This liquid contains tannic acid, sugar and pinipicrin, and serves for 
the preparation of pinipicrin (see below). The resin is dissolved in 
boiling alcohol of 40°; the still dissolved wax is precipitated by 
alcoholic acetate of lead ; the filtrate treated with sulphuretted hy- 
drogen, which precipitates chlorophyll and sulphide of lead; these 
substances arc removed ; and the alcohol is separated from the filtrate 
by distillation. The remaining liquid deposits a semi-fluid resin, which 
is to be dissolved in dilute potash-ley, mixed with chloride of calcium, 
to remove the alpha-thuja resin, filtered from the precipitate, and 
treated with hydrochloric acid, which precipitates yellowish- white 
flocks, consisting of a mixture of kinovous acid and beta-tlmja resin, 
to be dissolved, after washing, in lime-water. Carbonic acid passed 
into this solution throws down a mixture of kinovous acid and carbo- 
nate of lime, from which the former may be extracted by ether, and 
obtained in the solid state by evaporating the ether over the water- 
bath. — The beta-thuja resin remains dissolved after the carbonic acid 
has been passed through the liquid, as just mentioned, and may be 
precipitated from the filtrate by hydrochloric acid. 

Properties. White or slightly yellow brittle mass, converted by tri- 
turation into a strongly electric powder. 

In vacuo. Kawalier. 

a. b. 

24 C 144 .... 70*93 70*55 .... 70*82 

19 H 19 .... 9*36 9*48 .... 9*40 

5 0 40 .... 19-71 19*97 .... 19*78 

C 24 H 13 0 5 203 .... 100-00 100 00 .... 100*00 

a. from Pine-needles ; b. from Thuja. — So, according to Kawalier. To bring the 
formula into accordance with the principles of this work, the acid dried in vacuo must 
be supposed to contain 1 at. HO more. (Kr.) 

ICinovite of Silver . — Obtained by dissolving the acid in lime-water 
and precipitating with nitrate of silver. — White, but becomes grey 
after drying in vacuo. Detonates when heated, but not so strongly 
as oxalate of silver. Contains 74*11 p. c. oxide of silver, and is there- 
fore C 24 IP0 5 , 5 AgO (Kawalier) ; by calculation, 74*2 p. c. AgO. 


Appendix to Kinovous Acid. 

1. Pinkorretm OTBPO 8 (Kawalier, Wien. Akad. Per. 11, 359).— 
Found in the bark of Finns sylvestris. — The bark of the upper parts of 
the stem, after being freed from the outer rind, is cut in pieces, and 
boiled with alcohol of 40° ; the ceropic acid which separates from the 
decoction on cooling is separated by filtration ; the greater part of 
the alcohol evaporated ; the residual liquid mixed with water ; and 
the turbid liquid treated with neutral acetate of lead, whereby pini- 
cortannic acid and pinieorretin are precipitated, whfli cortepinitannic 
acid and sugar remain in solution. The washed lead-precipitate, 
digested with very dilute acetic acid, separates into pinicortannic acid, 
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which dissolves (and may he obtained from the solution . by precipi- 
tating with basic acetate of lead, decomposing the precipitate with 
sulphuretted hydrogen, and evaporating the filtrate out of contact with 
the air), and a dark-coloured glutinous residue, which dissolves in 
strong alcohol. On treating the solution with sulphuretted hydrogen, 
filtering from the sulphide of lead, and evaporating the filtrate, pinicorre- 
tin remains behind,, and may be purified by dissolving it in alcohol, 
removing the undissolved portion, and evaporating. 

The solution containing cortepinitannic acid and sugar is freed from the former by 
precipitation with subacetate of lead, which throws down cortepinitannate of lead , then 
filtered, freed from lead by sulphuretted hydrogen, and evaporated over the water-bath ; 
sugar then remains and may be purified from a small quantity of pinipicrin by treatment 
with anhydrous ether-alcohol. 

Properties. Black-brown, glutinous mass, almost wholly soluble 
in ammonia. The ammoniacal solution mixed with chloride of barium 
yields red-brown flocks of pinicorretin-baryta , which may be dried in 
vacuo. 

Pinicorretin ^baryta. Kawalier. 

72 C 432 .... 47*20 47*45 

57 H 57 .... 6*23 6*45 

15 0 120 .... 13*12 13*18 

4 BaO 306 .... 33*45 39*92 

C 72 H 3 “0 15 ,4Ba0 915 .... 100*00 107*00 

C 72 H s "0 13 = 3C 24 H 19 0 5 , therefore isomeric with kinovous acid. (Kawalier.) 

2. Kawalieris Eesin from Pinus sylvestris . — (Kawalier, Wien. AJcatl. 
Ber. 11, 347.) — In the needles of Pinus sylvestris (see page 33). 
The compound of resin and lime precipitated by chloride of calcium in 
the preparation of kinovous acid, dissolves almost completely in ether. 
The ethereal solution is separated from the residue by filtration, and 
evaporated ; the residue is treated with alcohol of 40°, which dissolves 
the whole, excepting the lime and a small portion of the re sin ; the 
solution is again evaporated ; and the residue is exhausted with water 
containing hydrochloric acid, whereupon chloride of calcium passes 
into solution, while a brownish yellow resin a remains behind, which, 
after washing and drying at 100°, has the consistence of castor oil, 
and after cooling is brown and of the consistence of salve. If the 
resin a be mixed with a sufficient quantity of hydrate of lime, to make 
it appear pulverulent, then distilled, and the distillate collected in two 
portions, two oils are obtained, which, after rectification with, water, 
drying over chloride of calcium and rectifying per sc, constitute the oils 
b and c. These oils twice distilled over anhydrous phosphoric acid, 
yield the hydrocarbon d. 

j Resin a. Kaw. Oil b. Kaw. Oil c. Raw, 

50 C .... 77*30 .... 77*44 30 C .... 84*9 .... 84*92 50 C .... 86*2 .... 85*92 

40 H .... 10*30 .... 10*63 24 H ... 11*3 .... 11*62 40 H.... 11*5 .... 11*43 

6 0.... 12*40.... 11*93 1 0... 3*8.... 3*46 1 0.... 2*3.... 2*65 

C 50 H 40 O 6 100*00 .... 100*00 C^H^O 100*0 .. 100*00 C 30 H 40 O 100*0 .... 100*00 

Hydrocarbon d. Kaw. 

* 20 C 88*24 88*14 

16 H 11*76 11*85 


(y»H 16 . 


100*00 


99*99 
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JResin a, is perhaps a mixture of C 4ft II 32 0 5 and C 40 E 33 O 4 ; the oils b 
and c , mixtures of oxygenated ana non-oxygenated oil, the former of 
which is decomposed by distillation over phosphoric anhydride. 
(Kawalier.) 

If resin a. in the fused state be dropped upon soda-lime heated to 
220°, a thick colourless oil passes over, which, after dehydration over 
chloride of calcium, has the composition of oil e. The residue dissolves 
partially when suspended in water ; and if the filtrate be precipitated 
by hydrochloric acid, the precipitate dissolved in potash-ley, the solution 
treated with animal charcoal, and again precipitated with hydrochloric 
acid, resin f is precipitated as an ash-grey powder, which softens at 
100°, and dissolves in alcohol and in alkaline liquids. The undissolved 
portion decomposed by dilute hydrochloric acid, deposits a resin nearly 
insoluble in potash, sparingly soluble in alcohol, easily in ether ; and 
the ethereal solution treated with animal charcoal, filtered and 
evaporated, yields resin g, which is light-yellow, brittle, and softens 
at 100°. 


Oil e. 

Kaw. 

Resin f. 

Kaw. 

Resin g. 

Kaw. 

100 C .... 81*1 .. 

.. 81-25 

50 O ... 

. 72-82 ... 

. 72*62 

io c.... 

78*95 ... 

.. 79-09 

84 H.... 11*4 ., 

.. 11*75 

40 H.... 

9-71 .. 

9*82 

8 H 

10*52 .. 

.. 10-90 

7 G.... 7*5 .. 

.. 7-00 

9 O .... 

. 17*47 ... 

. 17*56 

0 

10*53 .. 

.. 10*01 

C 1(H1 H 84 0 7 100-0 .. 

.. 100-00 

C 50 H 40 O 9 100-00 .. 

.. 100-00 

C 10 H 8 O 100-00 .. 

.. 100*00 


Hence the original rosin splits up into products comparatively rich 
and comparatively poor in oxygen. Oil e is perhaps a mixture of 
C 20 IP and C 20 II 16 , 2H0. (Kawalier.) 

3. Beta-thuja resin , C 40 I:I 22 O u . (Kawalier, Wien. Alcad. Ber. 13*524.) 
The two resins found by Kawalier in the green parts of Thuja occidentalh are here 

distinguished as Alpha- and Beta-thuja resin Obtained ill the preparation of 

kinovous acid as described at page 33, and purified by solution in ether. 
Transparent resin, yielding a lemon-yellow powder. 

Kawalier. 

40 C 240 .... 68-37 68-39 

23 H 23 .... 6*55 678 

11 O 88 .... 25-08 24-83 

C 40 H23O n 351 .... 100 00 100*00 

The precipitate which is thrown down by chloride of calcium in the 
preparation of kinovous acid, and contains the alpha rosin, dissolves 
for the most part in ether, and remains behind when the ether is 
evaporated ; it is still however a mixture of lime and several resins, 
which are but partially separated even by alcohol. (Kawalier.) 


Oxygen-nucleus C 24 H 16 0 2 . 

Thymoilol, 

C“H 18 0 4 = C 24 H l6 0 2 ,H 2 0 2 , 

Lallemand. N.iAnn. Chim. Phys. 49, 164. 

The final product of the action of reducing agents on thymoil^(p. 36), 
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Colourless, four-sided, tasteless prisms which melt at 145° and 
distil without decomposition at 290°. 



In vacuo. 


Lallemand. 

24 C 

144 .... 

74*23 .. 

73*91 

18 H 

18 .... 

9'28 .. 

9-18 

4 0 

32 .... 

16*49 .. 

16*91 

C 24 H 18 0 4 

194 

100*00 .. 

100*00 


Homologous with hydrokinone (xi, 161), and related to thymoil in the same 
manner as hydrokinone to kinone. 

Converted by oxydmng agents , e.y., by nitric acid, chlorine-water, 
nitrate of silver, and bichromate of potash, first into thymeid, then 
into thymoil, 

Dissolves sparingly in water, very easily in alcohol and in ether. 


Thymoil. 

= C 24 H 16 0 2 ,0 2 . 

A. Lallemaxd. Compt. rend. 38, 1022 ; J. pr. dim . 62, 29,5 ; Phmi. 

Centr . 1854, 513 ; Deport by Dumas & Bussy, Compt . rend. 39, 

723 ; Compt. rend. 43, 375 ; Fully and with corrections : N. Ann. 

Chim. Phys. 49, 163 ; abstr. Ann. Pharm. 102, 119. 

Formation. By the action of peroxide of manganese or chromate 
of potash and sulphuric acid on sulphothymic acid (xiii., 419). 

Preparation. Thymol is dissolved in excess of oil of vitriol; the 
resulting sulphothymic acid is diluted with 5 or 6 times its bulk of 
water, and this liquid is distilled with peroxide of manganese. Water 
then passes over, together with formic acid, and an orange- coloured 
oil which soon solidifies, while in the retort there remains a solid brown 
acid which dissolves in alcohol. The solidified distillate is purified by 
washing with water, and crystallised from ether-alcohol. 

Properties. . Four-sided laminae, having a fine orange-yellow colour 
and strong lustre, melting at 48° to a dark-coloured liquid, giving off 
copious vapours at 100°, and boiling with partial decomposition at 230°. 
Heavier than water. Has an aromatic odour like iodine and chamo- 
mile. 


Lallemand. 

mean. 

24 C 144 .... 75-00 75'06 

16 H 16 .... 8-33 8-07 

4 O 32 .... 16-67 16-87 

C" 4 H 16 0 4 192 .... 100-00 100-00 

Homologous with kinone (xi, 158). 

Decompositions. 1. Thymoil blackens quickly when exposed to lights 
and is converted into a mixture of oxythymoil, thymo'ilol, and thymoui 
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— 2. It is partially decomposed by distillation , leaving a brown-red 
residue, which solidifies to a bronze-coloured mass having a metallic 
lustre. The distillate contains a little oxythymoil. — 3. Thymoil . mixed with 
aqueous potash rapidly absorbs oxygen from the air, and is converted 
into thymoilate of potash. 1 at. thymoil takes 6 at. oxygen. 

2C 24 H 1(i 0 4 + 120 = C 48 Ii 28 0 1(5 ,3H0 + HO. 

4. By hydrogen in the nascent state, by sulphurous add , ferrous sulphate , 
or stannous chloride , thymoil is converted, first into thymeid, then into 
thymo'ilol. A similar action may likewise be exerted by the aqueous formic acid pro- 
duced in the preparation of thymoil 5 . Chlorine , with aid of heat, slowly 

decomposes thymoil, forming chlorinated products. — 6. Thymoil absorbs 
ammonia gas, and is converted into thymoilamide. 

Thymoil dissolves in warm oil of vitriol and in warm concentrated 
nitric acid , and is precipitated in its original state by water. — It dis- 
solves sparingly in alcohol , very easily in ether . 


Oxythymoil 

c 24 ii i 6 0 6 == c 24 n ie o 2 ,o 4 ? 

Lallemand. JSf. Ann. Chim. Phys. 40, 167 (see page 36). 

1. Thymoi‘1 enclosed in a sealed tube, is exposed for some days to 
the sun’s rays, and the resulting black mass is washed with alcohol, 
which dissolves thymo'ilol and thymeid, and leaves a small quantity of 
oxythymoil undissolved. — 2. In the dry distillation of thymoil, a 
small quantity of oxythymoil is formed, and may be obtained in the 
separate state by dissolving out the other products with alcohol. 

Properties . Crystalline powder of a fine lemon-yellow colour, 

melting at 190°. 


24 C 

144 . 

... 69*23 .. 

Lallemand. 
09*25 

16 H 

16 . 

... 7-69 .. 

7*61 

6 0 

48 . 

... 23*08 .. 

23*14 

C24H.160 0 

208 . 

... 100*00 .. 

100*00 


Insoluble in water and in aqueous alkalis, and not altered by the 
greater number of reagents. 

Insoluble in alcohol , very slightly soluble in ether . 


Appendix to Oxythymoil « 

Thymo'ilic Acid. 

Lallemand. N. Ann. Chim. Phys. 49, 166. 

Compare page 36. 

When crystals of thymoil are shaken up with potash-ley in contact 
with the air, they dissolve with red-brown colour, forming thymoilate 
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of potash, which may be obtained pure by saturating the liquid with 
carbonic acid, evaporating, and exhausting the residue with absolute 
alcohol. — Hydrochloric acid added to the solution of thymoYlatc of 
potash throws down thymo'ilic acid in dirty yellow flocks, very slightly 
soluble in water. 

The ihymoilates are soluble in water, excepting the lead and silver 
salts. The former contains 43*02 p. c. oxide of lead, and is therefore 
C 48 li 28 0 18 , 3PbO (calc. 43*07 PbO). (Lallemand.) 


Conjugated Compound. 

Thymei'd. 

(MPO 8 - C 24 H l6 G 4 ,C 24 H 18 0 4 . 


Lallemand. N. Ann. Chim. Phys. 49, 165. 

Formation and Preparation . 1. By bringing thymoil in contact with 

thymoi'lol. If the two bodies, dissolved in boiling alcohol or ether, be 
mixed in equal quantities, the mixture instantly assumes a blood- red 
colour, and yields crystals of thymei'd by cooling or evaporation. — 
2. Thymei'd is the first product formed by the action of reducing agents 
on thymoil. It is produced for example by sulphurous acid, when 
crystals of thymoi‘1 are thrown into it, and more slowly by ferrous 
sulphate and stannous chloride. — 3. Thymei'd is also the first product 
of the action of oxydising agents on thymoilol (p. 57). 

Properties . Crystals of a fine violet colour, exhibiting by reflected 
light a bronze-coloured metallic reflection, like the wings of beetles. 


Oxyamidogen-nucleus C^AcLEFO 2 . 

Thymoilamide. 

C 24 NH”O s = C 24 AdIi 1B 0 2 . 


Lallemand. N. Ann . Chim. Phys. 49, 166. 

Thymoil in the fused state slowly absorbs ammonia-gas, and is 
converted into a dark red amorphous mass, which is hard and brittle 
at common temperatures, but softens at 100°, and may then be drawn 
into threads. It is soluble in alcohol. 


Primary Nucleus C 24 H 20 ; Oxygen-nucleus 0 21 H 14 0 6 ? 

Globularetin. 

G. F. Walz. N. Jahrh . Pharm. 13, 281. 

Produced, together with paraglobularetin and sugar, when globu- 
larin is boiled with acids. 
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The resin obtained by boiling globularin with dilute sulphuric acid 
is washed with water and dissolved in alcohol ; the alcoholic solution 
is diluted and the residue treated with ether, which dissolves the glo- 
bularetin, leaving paraglobularetin undissolved. 

White powder, melting at the heat of the hand. 


Walz. 


mean . 


24 

C 

144 .. 

.. 69*90 .... 

.... 70*04 

14 

II 

14 .. 

.. 6*79 .... 

.... 6*88 

6 

O 

48 .. 

.. 23*31 .... 

.... 23*08 


C 24 H 14 0 6 ........ 206 ... 100*00 100*00 


Paraglobularetin. 

C 3 4 H 16 0 8 . 

G. F. Walz. N. Jahrb . Pharm. 13, 281. 

Produced, together with globularetin, by boiling globularin with 
acids, and may be obtained by solution in alcohol and precipitation by 
water, as a coloured powder, insoluble in ether. 



Dried. 


Walz. 


24 C 

144 .., 

.. 64*28 .. 

.. 62*95 

64*07 

16 I-I 

16 .. 

.. 7*14 ., 

... 7*17 

7*18 

8 O 


.. 28*58 .. 

29*88 

28*75 

C 24 H 1C 0 8 ... 

224 .. 

.. 100*00 . 

... 300*00 

100*00 


Walz erroneously calculates the mean of his analyses at 64*3 p. c. carbon. (Kr.) 


Primary Nucleus C 24 H 22 

NaphthoL 

OH 32 . 

Occurs, according to Pelletier & Walter, in the naphtha of 
Amiano (xii. 439), and is obtained by fractionally distilling rock-oil, 
which has previously been repeatedly treated with cold oil of vitriol, 
and collecting the portion which passes over at 190°. Vapour- 
density = 5*3. The distillate obtained at 115° consists chiefly of naph- 
thene C 16 H 16 , which has a vapour-density of 4*0, and contains 84*6 p. c. 
C and 14*7 H. {J. Pharm. 26,565.) 


Pelletier & Walter. Vol. Density. 


24 C ... 

22 H 

144 . 
22 . 

... 86*74 .. 
... 13*26 .. 

.. 85*54 .... 
.. 13*23 .... 

.... C-vapour 24 .... 

.... H-gas 22 .... 

9*9840 

1*5246 

C 24 H 22 .... 

166 . 

... 100*00 .. 

.. 98*77 .... 

... Naphthol- vapour 2 .... 

1 .... 

11*5086 

5*7543 

..The sample analysed probably contained naphthene as well as naphthol, 
& Walter). 

(Pelletier 
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OXYGEN-NUCLEUS C 24 H 20 O% 


Oxygen-nucleus C^IPO 2 . 

Wormseed Oil. 

C 24 lI 20 O 2 . 

This oil belongs to the 24-carbon group, and should therefore have 
been treated in this place, instead of in vol. xiv. p. 31(1 Vapour- 
density 6*4 (C 24 H 20 O 2 = 6*24). Sp.gr. of the oil at 13°= 0*9201. 
(Kraut.) 


Onocerin. 

€ 24 lI 20 O 2 . 


Hlasiwetz. Wien. Ahad. Ber. 15, 162. 


Occurrence. In the root of Ononis spinosa. 

Preparation. The root is boiled with alcohol; the dark brown 
tincture freed from alcohol by distillation ; the residue evaporated to a 
syrup, and the crystals which separate after some days are collected, 
and purified by pressing, washing with cold alcohol, and recrystal” 
lisation from boiling alcohol, with help of animal charcoal. 


Properties. Small, hard, very light, capillary crystals, having a fine 
satiny lustre. Tasteles and inodorous. Becomes strongiy electric by 
friction. Melts when heated, and solidifies in the crystalline form. 
Neutral. 


24 C 

at 100°. 
144 ... 

. 80*00 .. 

Hlasiwetz. 

mean. 

79*84 

20 H 

20 ... 

. 11*11 .. 

11*31 

2 0 

16 .... 

8*89 .. 

8*85 

C 24 H 20 O 2 ... 

180 ... 

. 100*00 .. 

100*00 


C l2 H 10 O, according to Hlasiwetz, but doubled here according to the system of the 
Handbook. 


Decomposition . Gives off an odour like that of incense when 
heated : burns with flame and leaves an easily combustible charcoal — 
It is scarcely altered by chlorine at mean temperatures, but at higher 
temperatures it is converted, with evolution of hydrochloric acid, into 
chloronocerm. 

Onocerin is insoluble in water ; scarcely altered by ammonia , hydro- 
chloric acicl , or potash-ley. Its alcoholic solution neither reduces nitrate 
of silver , nor precipitates other metallic salts . 

It dissolves in oil of vitriol, forming a yellowish solution, which is 
not altered by peroxide of manganese. 

It dissolves in boiling alcohol , and is abundantly precipitated by 
water. 

It dissolves but sparingly in ether , easily in warm oil of turpentine* 
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Oxygm-nucUus C 24 II u 0 8 . 

Parsley-camphor. 

C 2i II 14 0 8 . 

Dehne (1778). Crell Ohm . J. 1, 40. 

Bolle. Br . Arch, 29, 1G8. 

Bust. N. Tr. 14, 2, 134; JV. JBr. 63, 267. 

Blanchet & Sell. Phctrm. 6, 301 ; abstr. N. Br. Arch. 24, 208 ; 

Bepert 70, 163. 

Bump. Bepert. 56, 21. 

Lowig k Weidemann. Pogg. 46, 55 ; abstr. N. Br. Arch. 24, 208 ; 
Bepert. 70, 163. 

Loose. W. J3r. -4rc/*. 63, 287. 

Stearoptene of til of Parsley, Petersilien-campher. 

Occurrence. In the herb and seed of parsley (Apium Petvoselinum. 
L.), together with volatile oil. — May be extracted from the seed by 
alcohol. (Bump.) 

Preparation . The seed (Pabitzky, Braunschw . Anz. 1754, 1205), 
or the fresh herb (Dehne), is distilled with water, and the crystals 
which separate from the distillate are collected (Bley, Martins, Bepert . 
39, 246), pressed between blotting paper (Bolle, Bump), and recrystal- 
lised from alcohol (Blanchet & Sell). — The heavier oil which passes over 
towards the end. solidifies after half a year’s standing. (Dehne.) — The camphor is 
chiefly contained in the oil which distils over with the water ; but the oil which goes 
over in the early part of the distillation, likewise solidifies partially. (Rump.) — When 
oil of parsley is fractionally distilled, till the residue solidifies, that residue does not 
contain any parsley-camphor, but consists merely of resin. (Lowig & Weidmann.) 
* — The watery distillate of parsley-seed deposits, in addition to the camphor, a yellow- 
powder, formed from the camphor by oxidation. (Loose.) 

Parsley seed yields 12*5 per cent. (?) of parsley. camphor (Pabitsky) ; 0*21 per 
cent. (Rump). 

Properties. White, slender, six-sided needles. (Blanchet k Sell.) 
Prisms 2—6 inches long, with their terminal faces truncated (Bley), and 
having a silky lustre. (Bump.) — Heavier than water. (Bolle.) — Melting 
point 30°. (Blanchet & Sell; Bump.) — Boils, with decomposition at 
about 300°. (Blanchet k Sell.) — Not sublimable (Blanchet k Sell) ; 
partially (Bley). — Solidifies at 21° (Blanchet k Sell) ; at 18°, however, if it 
has been previously heated to the boiling point (Blanchet & Sell) ; at 6*8°, forming 
a white, pearly mass. (Loose.) Makes spots on paper, which are difficult 
to remove. (Loose.) Has a faint odour of parsley, and a burning 
camphorous taste, with irritating after- taste. Neutral, 

Blanchet Sc Sell. 
mean • 

144 .... 64*86 64*62 

14 .... 6*30 6*39 

64 .... 28*84 28*99 


24 C, 
14 H. 
8 O. 


C 24 H J4 0 8 


222 100*00 


100*00 
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OXYCHLOKINE-NUCLEUS C 34 C1 2 H 18 02. 


Decompositions . 1. When heated , it melts, turns brown, gives off irri- 
tating vapours, and volatilises, depositing on the glass tube drops of 
liquid, which solidify in the crystalline form. (Bley, vid. sup.) — 
2. When set on /ire, it bums with a slightly smoky, feebly luminous 
flame. (Loose.) — 3. Detonates sharply with bromine. — L Triturated 
with iodine and then warmed, it yields a brown viscid mass soluble in 
alcohol. (Bolle.) — 5. With strong nitric acid , it becomes heated, gives 
off nitrous acid and forms a yellowish solution (Bolle), containing oxalic 
acid (Rump) ; not containing oxalic acid. (Martins.) The solution mixed 
with water deposits a yellow resinous powder. (Bolle.) The solution of the camphor 
in fuming nitric acid, the formation of which is attended with effervescence, is not pre- 
cipitated by water or aqeous ammonia. (Bley.) — 6. Parsley-Camphor is not 
altered by cold oil of vitriol, but hot oil of vitriol colours it dark red, and 
at higher temperatures brown. (Bley.) 

Combinations. With Oxygen ? — Parsley-camphor appears to be 
converted, by absorption of oxygen, into a yellow body, which is 
deposited, together with the camphor itself, in old parsley- water. 
(Loose.) — This yellow body is pulverulent, and nearly tasteless, but 
leaves a slightly bitter after-taste. When heated, it melts, gives off 
choking vapours, loses its yellow colour, which, however, may 
be restored by rubbing, breathing upon, or moistening the solidified 
mass ; at a stronger heat, it sublimes, and, when set on fire, burns 
with flame, leaving a residue of charcoal. Strong nitric acid colours 
it yellow and then dissolves it, with evolution of nitrous acid ; fuming 
nitric acid chars it. It dissolves in acetic acid, also in cold alcohol, 
and more freely in warm alcohol, but less so than parsley-camphor ; 
the solution is rendered turbid by water. The yellow substance dis- 
solves in ether. (Loose.) 

Parsley-camphor dissolves slightly in cold water (Bolle, Rump); 
more easily in hot water, slightly in hydrochloric acid, aqueous potash and 
ammonia . (Bley.) It is not soluble in aqueous potash. (Bolle, Loose). 

It dissolves readily in absolute alcohol, less in alcohol of sp. gr. 
0*87. (Bolle.) This solution yields a crystalline precipitate with 
water (Bley), and a yellow powder by spontaneous evaporation. 

It dissolves in ether, and in oils, both fixed and volatile. (Bolle,. 
Loose.) 


Oxychlorme-nuclens 0 24 CPH 18 0 2 . 

Cliloronocerin, 

C M C1 2 H 18 0*. 

Hlasiwetz. Wien. Akad. Ber. 15, 163. 

Chlorine gas is passed over onocerin heated by the water-bath, and 
the mass, which becomes somewhat brown, fusible and amorphous, is 
pulverised, and again exposed to the action of the chlorine, which’ is 
ultimately supported by heating the resin in a salt-bath, as long as 
hydrochloric acid continues to form. The resulting resinous mass is 
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purified by repeated solution in ether, till it is left by the evaporation 
of the ether iu the form of a white powder. 

Chloronocerin melts on platinum, and burns with an odour of resin 
and hydrochloric acid. — In warm nitric acid , it melts and oxidises. — 
It is turned brownish by oil of vitriol^ and afterwards not further altered 
by peroxide of manganese. It is insoluble in water , ammonia , potash-ley or 
alcohol; very easily in ether. 



at 100°. 


Hlasiwetz. 

24 C 

144 ... 

. 57*8 . 

57*4 

2 Cl 

71 ... 

. 28'4 . 

27-5 

18 H 

18 ... 

. 7-2 . 

7-1 

20 

16 .... 

6-6 . 

8*0 


C 21 C1 2 H 18 0 2 249 .... 100*0 100-0 


Primary Nucleus C 24 II M . 

Lethal. 

C 24 IF 6 0 2 = C 24 II 2 \H 2 0 2 . 

Heintz. Pogg. 93, 519 ; abstr. Ann. Pham. 92, 299 ; Perl Ahad. Ber. 

1854, 562; J.pr. Ohem. 63, 364; Pharm. Centr . 1854, 907. — J.pr. 

Chem. 66, 19. 

Not obtained in the pure state. — In the saponification of commercial 
spermaceti, salts of stearic, palmitic, myristic, and lauric acids are 
obtained, together with crude cthal. When the latter is recrystallised 
from alcohol, pure ethal G 32 II S4 0 2 crystallises out, whilst the homologous 
compounds, stethal C 36 H 38 0 2 , methal C 29 H 30 0 2 and lethal C 24 H 25 0\ 
remain, in smaller quantity, in the mother-liquors, inasmuch as the 
alcohols obtained from these mother-liquors (after removal of the admixed 
fatty acids by repeated treatment with alcoholic potash and addition of water) yield, 
when heated to 275°— 280° with potash-lime as long as hydrogen 
continues to escape, stearic, palmitic, myristic and lauric acids. 
(Ileintz.) Compare also Scharling (Ann. Pharm. 96, 236) & Heintz’ s reply (Ann. 
Pharm. 97, 271). 


Lauric Aldehyde. 

C 24 II 21 0 2 = C*H*,0*. 

Exists, according to G-r. Williams, in the portion of volatile oil of 
rue which distils at 232° (see xiv. 489.). 


Lauric Acid. 

C 24 H 2i 0 4 = C 24 H 24 ,Oh 

Marsson (1842). Ann . Pharm. 41, 33. 
Steamer. Ann. Pharm. 53, 393. 
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Gorgey. Ann. Pharm. 66, 303; Pharm Ccntr. 1849, 8; A". Ann. Chim . 

P%5. 25, 102. 

Heintz. Pogej. 92, 429 & 583; Perl. Alrnl. Per. 1854, 207: Ann. 

Pharm. 92, 291; J. pr. Chew, 62, 349 & 482; 63, 162; IV*. Phil. 

Mag . X 9, 74; iV. X Pharm. 26, 313. — Pogg. 93, 5.19; Berl. Akad, 

Per. 1854, 562; X p\ Chew. 63, 364 ; Lid). Popp. Jahresher . 1.854, 

456 & 460. — Collection of IIeintz’s Researches on the Fats: 

X pr. Chem. GO, 1. 

A. C. Oudemans, Jon. J. pr. Chem. 81, 356 & 357. 

Laurostearic acid (Marsson). Pichurimtalgsaure (Sthamer). Pekurimadure. 

Sources. In the fat of the bay-tree (Marsson) ; in the fat of pichu- 
lim beans (Sthamer) ; also in the volatile oil of these beans. (Al. Mul- 
ler, X pr. Chem. 58, 469.) In small quantity, together with many other 
acids, in spermaceti (Heintz), in croton oil (Schlippe, Ann. Pharm . 105, 
14), in the fruit of Cylicodapkne sebifera. (Gorkom, Tydschrift f. Neerl. 
Indie. 81,410.) — In the fruit of Mangifera Gahonensis , the so-called 
Dika bread, together with myristic acid, but unaccompanied by any 
other acids. (Oudemans.) In the Age or Axin of the Mexicans, a 
salve-like fat obtained from Coccus Axin. (Iicppe, X. pr. Chem. 80, 102.) 

In cocoa-nut oil. (Gorgey, Oudemans.) This oil contains, according to 
Brandes (N. Br. Arch. 65, 115), a solid fatty acid, melting between 25° and 27° = 
cocinic acid, or, according to Peionze & Boudet, elai'dic acid. Rromeis (Ann. Pharm . 
35, 277) designated the acid melting at 35°, obtained by repeatedly crystallising the 
fatty acids of cocoa-nut oil, as cocosteanc acid , and assigned to it the formula C 27 H 27 0 4 , 
which Heintz (who thought that he had previously [Pogg. 87, 21, and 267] found this 
acid in spermaceti), by calculating from the new atomic weight of carbon, altered to- 
C 2S H 2£i 0 4 . The latter acid Heintz designates as cocinic acid . St. Evre’s cocinic acid 
(iV. Ann. Chim. Phgs. 20, 91), likewise from cocoa-nut oil, is prepared as follows 
The oil is saponified ; the acids separated, pressed, crystallised from alcohol, dissolved in 
soda-ley, and precipitated with acetate of lead; the precipitate exhausted with ether ; 
and the residue decomposed by tartaric acid. According to St. Evre, it is composed of 
C^H^O 4 , and melts at 34*7°. But according to the investigations of Gorgey and Oude- 
manns, which agree with each other, cocoa-nut oil does not contain any acid possessing 
the properties assigned by Brandes, Bromeis, or St. Evre to cocinic acid ; the oil appears 
rather to contain small quantities of palmitic and myristic acids, together with large 
quantities of lauric, capric, caprylic, and caproic acids, the last two having' been pre- 
viously found in it by Fehling. Respecting the former results, see Oudemans (J. pr. 
Chem. 81, 367.) 

Formation. By beating etbal with potash-lime to 275° — > 280°, 
(Heintz, Scharling.) According to Heintz, it is produced only from mixed (crude) 
ethal, inasmuch as this substance contains lethal (p. 43). 

C- J H !6 0 ! + KO,HO = CTH^KO 4 + H> (Heintz) ; 


but, according to Scharling, it is obtained from the ethal itself C 32 H 3l 0 2 , which, accord- 
ing to him, is decomposed by heating with potash-lime, in such a manner as to yield 
stearic, palmitic, myristic, lauric and butyric acids. (Scharling, Ann. Pharm. 96, 236 ; 
Heintz, Ann. Pharm . 97, 271) 

Preparation. 1. From Bay-fat. Laurostearin from Ol. laurin 
unguinos. Is saponified with potash-ley, the soap is separated by 
common salt, and its hot aqueous solution is decomposed with tartaric 
acid. The lauric acid then rises to the surface in the form of an oil 
which solidifies on cooling, and is freed from adhering tartaric acid by 
repeated fusion with water. (Marsson.) 
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2. From Pichurim beans. Laurostearin from Fabce pichurim maj. is 
saponified with potash-ley till a clear soap-jelly is formed ; common , 
salt is added, and the white, brittle soda-soap thus produced is 
dissolved in boiling* water, and supersaturated at the boiling- heat 
with hydrochloric acid ; lauric acid then rises to the surface as 
a colourless oil, which on cooling solidifies to a white crystalline mass. 
It is freed from hydrochloric acid by repeated washing with water 
and purified by repeated crystallisation from weak alcohol. (Sthamer.) 

8. From Cocoa-nut oil. The oil is saponified with weak potash-ley ; 
the soap decomposed by dilute sulphuric acid, and the mixture 
distilled as long as fatty acids pass over, the water being repeatedly 
poured back. The distillate neutralised with potash solidifies on 
evaporation to a gelatinous soap, which is separated by common salt, 
repeatedly dissolved in potash, and again separated with salt, to free it 
from the fatty acids which can be thus removed, and again decomposed 
with dilute sulphuric acid. It is then neutralised with ammonia ; the 
solution precipitated by chloride of barium ; the liquid strained off ; and 
the baryta-salts which remain repeatedly boiled with water. The 
resulting solutions, as they run from the funnel, immediately deposit 
loose flocks of laurate of baryta, and the liquid, as it cools down, 
becomes turbid and deposits pulverulent caprate of baryta. (Gorgey ; 

comp, also Prep , 5.) 

4. From Spermaceti. The saponification of this substance yields, besides 
etlial, considerable quantities of stearic, palmitic, and myristic acids, and smaller 
quantities of lauric acid — The solution of 10 lbs. of purified spermaceti in 
80 lbs. alcohol is boiled for some time with 4-| lbs. caustic potash 
previously dissolved in alcohol ; the solution precipitated with aqueous 
chloride of barium, and strained while hot; the still warm residue 
pressed as strongly as possible in a warmed press; then well moist- 
ened with alcohol and again pressed ; the alcohol distilled off from the 
solutions ; the residue freed from the whole of the soluble matter by 
repeated treatment with ether; and the portion insoluble in ether 
added to the baryta-salts previously obtained. In this manner are 
obtained, on the one hand, crude ethal, on the other, the baryta-salts 
of the fatty acids of spermaceti. 

The baryta-salts suspended in water are boiled with very dilute 
hydrochloric acid, till the supernatant oily layer appears perfectly 
clear; the fatty acids thus obtained are dissolved in alcohol; the so- 
lution is left to cool; and the crystals which separate are pressed, first 
alone, then several times after being moistened with alcohol, whereby 
a mixture of palmitic and stearic acids is obtained, while a portion of 
these two acids and the whole of the myristic and lauric acids 
remain in solution. 

The whole of the mixed alcoholic solutions are heated ; a concen- 
trated aqueous solution of acetate of magnesia is added, so as to 
precipitate about of the quantity of fatty acids present ; the pre- 
cipitate which forms on cooling is separated by filtration ; acetate of 
magnesia is added to the filtrate in about the same quantity as before ; 
and the same treatment is repeated (the liberated acetic acid being 
neutralised towards the end with ammonia), till acetate of magnesia 
no longer forms any precipitate, even in presence of excess of ammorlia. 
In this manner a number of magnesia-salts (19) are obtained, from 
which stearic, palmitic and myristic acids may be separated, by pro- 
cesses to be hereafter described in connection with these acids. 
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The alcoholic solution, from which everything precipi table by 
acetate of magnesia in presence of excess of ammonia has been tlms 
removed, still retains lauric acid together with myristic and oleic acids. 
It is precipitated with acetate of lead; the precipitate is washed with 
dilute alcohol, dried, and freed from a small quantity of oleate of lead, by 
treatment with ether; and the nndissolved portion is decomposed by 
prolonged and repeated boiling with very dilute hydrochloric acid, 
whereby a mixture of acids melting at 39 *7° is separated. By repeatedly 
crystallising this mixture from alcohol, as long as the separated acid 
exhibits a rise of melting point, lauric acid is ultimately obtained, 
melting at 43- 6°, and not capable of further decomposition by partial, 
precipitation with acetate of baryta, while myristic acid remains in 
solution. (Heintz.) 

5. From spermaceti or other fats containing lauric acid, provided they are free 
from oleic acid, or this acid has been removed by the process to be described below. — 
The fat is saponified with (alcoholic) potash ; the fatty acids are sepa- 
rated from the ethal or the glycerin, as above described, and dissolved 
in 10 pts. of hot alcohol; the solution is left to cool slowly in a cellar; 
and the fatty acids which crystallise out arc separated by filtration 
and pressure. The mother-liquor is diluted with an equal quantity of 
boiling alcohol and supersaturated with ammonia ; acetate of magnesia 
is added in excess to remove a certain portion of the fatty acids ; the 
alcohol distilled off from the filtrate; the remaining salts decomposed 
by boiling with dilute hydrochloric acid; the separated acids re- 
dissolved in a quantity of hot alcohol sufficient to retain them in 
solution, after- cooling; and a concentrated solution of acetate of 
baryta, equal to about of the weight of the fatty acids, is repeatedly 
added, as long as a precipitate is thereby formed on cooling. The 
precipitates last obtained, which contain chiefly lauric acid, are sepa- 
rately decomposed by boiling dilute hydrochloric acid, and each portion 
of acid thereby liberated, whose melting point lies above 4-3 *G°, is se- 
parately and repeatedly crystallised from diluted alcohol till its melting 
point has risen to 43-6°. (Heintz.) 

If the fat contains oleic acid, it is saponified, the fatty acid is sepa- 
rated and mixed with a small quantity of hot alcohol, and the solid 
portions are removed by submitting* the cooled mass to pressure. 
The mother-liquor (together with the alcohol used for washing* the 
separated acids) is precipitated with ammonia and neutral acetate of 
lead; the* washed and dried lead-salts are completely freed from 
oleate of lead by means of ether; the uudissolved portion is decom- 
posed by boiling hydrochloric acid ; and the separated fatty acids are 
treated as. above. (Heintz.) In this manner pure lauric acid is 
easily obtained from cocoa-nut oil (which, according to Oudcmans, docs 
not contain oleic acid). If the acids dissolved in alcohol be precipitated 
in small portions with acetate of baryta, the first portions contain 
palmitic and myristic acids, and from the remaining liquid, lauric 
acid may be obtained by repeated fractional precipitation or by crys- 
tallisation in the cold. (Oudemans.) 

Properties. . Lauric acid solidifies after fusion to a scaly crystalline 
mass, exhibiting a laminated texture on the fractured surface. 
(Heintz.) Brittle. (Sthamer.) Crystallises from alcohol (only from 
weak alcohol according to Sthamer, from strong alcohol not till 
cooled to 0°: Gdr gey, Heintz) ; in white, silky needles, united in tufts 
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(Sthamer); in prickly glandular masses of the size of hazel-nuts 
(Gorgey) ; in nearly translucent scales (Heintz). It melts to a colour- 
less oil at 43-6° (Heintz), 42° — 43° (Marsson, Gorgey), 48° (Sthamer), 
45° (Muller), 43*8° (Schlippe), 43*5° (Oudemans). — The alcoholic 
solution has a slight acid reaction. Sp. gr. 0*883 at 20°. (Gorgey.) 
When boiled witli water, it volatilises with the vapour. (Gorgey, 
Oudemans.) 


Marsson. Sthamer. Gorgey. Heintz. Oudemans. 

mean, at 120° 

a. b. 


24 

C 

,144 ... 

72*00... 

, 72*09... 

72*06.. 

.. 71*88.. 

.. 71*92.. 

.. 72*01. 

... 72*00 

24 

H 

, 24.. 

, 12*00... 

,. 12*04.., 

.. 11*93.. 

.. 11*95.. 

.. 12*08.. 

.. 12*18. 

... 12*17 

4 

0 

.. 32.. 

.. 16*00.., 

.. 15*87.. 

.. 16*01 .. 

.. 16*17.. 

.. 16*00.. 

.. 15*81. 

... 15*83 

C 24 H 24 0 4 .. 

..200.. 

..100*00 .. 

..100*00.. 

.. 100*00.. 

.. 100*00 

.. 100*00 .. 

.. 100*00, 

... 100*00 


Marsson analysed lauric add from the fat of the bay-tree; Sthamer, that from 
picharim beans ; Gorgey, that from cocoa-nut oil; Heintz, that from spermaceti; Oude- 
mans, a. that from Dika bread ; b. that from cocoa-nut oil. On the formula, see also 
Pohl (Wien. Ahad . Ber. 10, 485.) 

Isomeric with hordeic acid. 

By the distillation of its lime-salt, lauric acid is resolved into lau- 
rostearone and carbonate of lime. (Overbeck.) 

2C 24 H 21 0 4 = C 4G H 1G 0 2 + 2 CO 2 + 2HO. 


Lauric acid is perfectly insoluble in water. (Heintz.) 

Laurate of Soda. — Lauric acid is added to a boiling concentrated 
solution of carbonate of soda, perfectly free from sulphate and chloride, 
in quantity not quite sufficient for complete saturation ; the liquid is 
evaporated over the water-bath ; the soap which remains is dissolved 
in absolute alcohol, and the filtrate is evaporated to dusty dryness. 
(Marsson, Sthamer.) — White powder, whose alcoholic solution solidi- 
fies on cooling to a white opaque jelly. (Sthamer.) The alcoholic 
solution becomes turbid when largely diluted with water. (Marsson.) 

Marsson. A. Muller. 
at 100°. at 100°. 

NaO 31 .... 13*96 .... 13*86 .... 13*69 

C 24 H 23 0 3 191 .... 86*04 

C 24 NaH 23 0 4 222 .... 100*00 

Laurate of Baryta. — Preparation (p. 45). Fine, light, white nacreous 
powder,’ consisting of microscopic laminae. (Heintz.) — Light, thin 
nacreous laminae, presenting under the microscope the appearance of 
tables made up of slender crystalline needles, somewhat curved. (A. 
Muller.) Crystallises on cooling from a boiling saturated aqueous solu- 
tion in snow-white flakes. The saturated alcoholic solution becomes filled, 
on cooling, with delicate crystalline spangles, which, after drying at 
100°, resemble caprate of baryta. (Gorgey.) It is wetted by alcohol and 
ether, but not by water. (Gorgey.) — Dissolves in 10,864 pts. of 
water at 17*5°, in 1982 pts. boiling water, in 1468 pts. cold and 211 pts. 
hot alcohol. (Gorgey.) Decomposes before melting. (Heintz.) 
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Gorgey. 

Heintz. 

F. Hoppe. 

24 C 

... 144 

53*81 . 

... 53*93 . 

... 53*65 .. 

54*48 

23 H 

... 23 .... 

8*60 . 

... 8*67 . 

.. 8*60 ... 

8*61 

3 O 

... 24 .... 

8*97 , 

... 8*95 .. 

... 9*34 ... 

9*25 

BaO 

... 76*6 .... 

28*62 . 

... 28*45 .. 

... 28*41 

27*66 

C 24 H 23 Ba0 4 

... 267*6 .... 

100*00 . 

... 100*00 .. 

„. 100*00 ... 

100*00 


Contains 28*82 per cent, baryta (Al. Miiller). 

Laurate of Lime. — White precipitate, obtained by mixing the solu- 
tions of laurate of soda and chloride of calcium. 

Laurate of Lead. — Snow-white, loose, amorphous powder, (Ilcintz.) 
Laminae, having a beautiful nacreous lustre. (Muller.) Melts between 
110° and 120°, and solidifies to a dull, amorphous mass. ( Heintz.) • 
Melts below 100° to a colourless liquid, which solidifies in the crys- 
talline form on cooling, (Muller.) Insoluble in water. Insoluble in 
cold, sparingly soluble in boiling, alcohol. (Miiller.) 


Heintz. Miiller. 

24 C 144 .... 47*59 .... 47*03 

23 H 23 .... 7*«0 .... 7*59 

Pb 103*8 .... 34*24 .... 34*49 34*22 

4 0 32 .... 10*57 .... 10*89 


C 24 Ii 23 Pb0 4 302*8 .... 100*00 .... 100*00 


Laurate of Copper. — Obtained by precipitating the hot alcoholic 
solution of the soda-salt with aqueous sulphate of copper. (Oudemans.) 


24 C 

23 H 

CuO 
3 0 




Oudemans. 

144 .. 

.. 62*34 . 

62*34 

23 .. 

.. 9*95 . 

10*03 

40 .. 

.. 17*31 . 

17*24 

24 .. 

.. 10*40 . 

10*39 


C^H^CuO 4 231 .... 100*00 100*00 


Laurate of Silver. — The solution of the soda-salt in weak 
alcohol is precipitated with nitrate of silver, and the bulky preci- 
pitate is collected, washed, and dried. (Marsson, Sthamer.) White 
powder, consisting of slender microscopic needles. (Heintz.) Dis- 
solves easily in ammonia, and crystallises from the hot concentrated 
solution in very small needles. (Marsson.) Not altered by light 
(Marsson), scarcely (Sthamer, Heintz.) Decomposes before fusion. 
(Heintz.) 





Marsson. 

Stliamer. 

Heintz. 

Oudemans. 




at 100°. 

at 100°. 



24 C 

.... 144 . 

... 46*91 

.... 47'34 . 

... 47*01 

.... 46*69 

47*60 

23 H 

.... 23 . 

... 7*49 

.... 7*58 . 

... 7*48 

.... 7*48 


As 

.... 108 . 

... 35*18 

.... 34*68 . 

... 35*16 

.... 35*21 

34*82 

4 0 

.... 32 . 

... 10*42 

.... 10*40 . 

... 10*35 

.... 10*62 

9*74 

C^H^AgO 4 

... 307 

... 100*00 , 

.... 100*00 . 

... 100*00 

.... 100*00 

100*00 


Laurie acid dissolves very easily in strong alcohol and ether . 
(Marsson & Sthamer.) 
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Hordeic Acid. 

C 2i H 21 0 4 = c^n 21 ^ 4 . 


Fr. Beckmann. J. pr . Chem. 66, 52 ; abstr. N. Ann. Chun. Phys. 

46, 226. 

When dried barley is heated with oil of vitriol and water, as in 
Emmet’s method of preparing formic acid (vii. 273), hordeic acid 
passes over together with aqueous formic acid and furfurol, and sepa- 
rates from the distillate in white laminae. These are collected, 
washed, repeatedly crystallised from alcohol, and freed from water by 
fusion in an air-bath. 

Properties. White crystalline laminae, melting at 60° to a colourless 
oil, which solidifies at 55°. Permanent in the air. Makes grease 
spots on paper. Acid. 


24 C 

.... 144 .. 

72*00 . 

Beckmann. 
71*31 

24 H 

.... 24 .. 

.. 12*00 . 

12*G8 

4 0 

.... 32 .. 

... 16*00 . 

16*01 

C J4 H 24 0 4 .... 

.... 200 . 

... 100*00 . 

100*00 


So, according to Beckmann. Wurtz (N. Ann. Chim. PJiys. 46, 226), rightly regards 
the separate identity and the formula of this acid as doubtful. — Isomeric with lauric 
acid. 

Decompositions. Burns, without residue, when heated on platinum 
foil. — Not altered by cold oil of vitriol , but carbonised by that liquid 
•when hot. Decomposed by hot, but not by cold nitric acid. 

Combinations. Insoluble in water. In contact with alkalis or their 
carbonates, it forms salts which dissolve in water and alcohol, forming* 
solutions which froth like soap and are precipitated by common salt. 

Eordeate of Silver. Obtained from the ammonia-salt by precipitation 
with nitrate of silver. Contains 34*79 p. c. silver, (calc. C 24 AgH 23 0 4 
= 35*18 p. c. Ag.) 


Conjugated Compounds of Laurie Acid. 

Laurate of Ethyl. 

c 28 H 28 0 4 = c 24 iT 2 S o 3 ,c 4 n 6 o. 

A, Goegey, Ann. Pharm. G6, 30G ,* Pham. Cent?. 1849, 8 ; N. Ann. 

Chim. Phys. 25, 102; Lieb. Kopp. Jahresb. 1847 — 1848, 560. 
Delees. N. Jahrb. Pharm. 1, 25 ; Ann. Pharm . 92, 277 ; Pharm. 

' Centr . 1854, 276 ; Lieb. Kopp. Jahresb . 1854, 26 and 458. 

PioJiurate of Ethyl t Laurie or Pielmric ether) Pichurimtalgsaures MthyloxyH, 
Laurinvinester. 

VOL. XV. E 
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Separates partially when hydrochloric acid gas is passed into 
alcoholic lanric acid, completely on subsequent addition of water, in. 
the form of an oil, which is washed with water containing' soda, then 
with pure water, dried over chloride of calcium, and rectified. 

Transparent, colourless oil, which becomes viscid in the cold, and 
solidifies to a compact mass at — 10°. Sp. gr. 0*86 at 20°. (Ubrgey.) 
0*8671 at 19°. (Delffs.) Boils at 209°, when the barometer stands at 
0*75 met. (Delffs), at 264°, with partial decomposition (Gdrgey). 
Has an agreeable fruity odour, and a sweetish mawkish taste. Vapour 
density = 8'4. (Gdrgcy.) 





Gihsey. 

Delffs. 

28 C 

168 . 

... 73*68 . 

... 73*41 

73*10 

28 II 

28 . 

... 12*28 . 

12*42 

12*45 

4 0 

32 . 

... 14*04 . 

... 14*17 

11*45 

(> M II- 3 0 :! J C' 1 I-I n O , 

228 . 

... 100*00 . 

.... 100*00 

100*00 


Volume. 



Density. 

C- vapour . 



28 


11*6480 

H-gas 


28 


1*9404 

O-gas 


2 


2*2186 


Vapour of Laurate of Ethyl 2 ..... 15*B070 

7*9035 


Laurie ether is insoluble in water , sparingly soluble in alcohol , but 
dissolves in all proportions in ether. (Delffs.) 


Laurostearin. 

C 54 H 50 O 8 _ C°H 4 0 3 ,2C 24 II 23 0 3 . 

Marsson. Ann. Pharm . 41, 330. 

Sthamer. Ann. Pharm . 53, 390. 

Bullet. Ami. Pharm . 106, 229 ; J. pr. Client . 74, 448. 

Pichurimfelt, Pichurimtalg vid. pp. 44, 45. 

Sources: In bay -homes (Marsson) ; in pichurim-bcans (Sthamer) ; 
in cocoa-nut oil, inasmuch as this oil when saponified yields lauric 
acid. (Gorgey, Ann. Pharm. 06, 298.) 

Preparation 1. From Bay-lemes. The pulverised berries are 
boiled three ov four times with alcohol, pressed hot, and filtered as 
hot as possible. After 24 hours, the whole of the laurostearin 
separates from the filtrate as a whitish, yellow, curdy mass. The 

supernatant liquid still contains a very small quantity of laurostearin dissolved in a 
large quantity of green oil, from which it is difficult to separate. It is purified by 
washing’ with cold alcohol, recrystallisation from hot alcohol and 
pressure between bibulous paper. After this treatment, it still retains 
resin which may be separated by filtering* the .fused mass. (Marsson.) 

2. From Commercial Oil of Bay. The oil is exposed to sunshine on 
porcelain plates covered with glass shades, whereupon the green 
colour soon disappears, and brown hard lumps of laurostearin separate 
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from the mass of fat molted by the sun’s heat ; these arc separated by 
filtration, dissolved in alcohol and obtained of a pure white by 
evaporation or by precipitation with water. (Bolley.) 

3. From Pichirim-heans. Fahe pichurvm major, are exhausted with 
cold alcohol (which extracts volatile oil, pichurim-camphor, resin, a but- 
tery fat and a brown colouring matter) ; and the exhausted beans are 
boiled with alcohol of 81 p. c. and pressed between hot plates. The 
expressed liquid, as it cools, deposits pale - yellow laurostcarin, only a 
small quantity of that substance remaining dissolved in the alcohol. 
It is purified by washing* with cold alcohol, pressure, and recrystallisa- 
tion from ether-alcohol. (Sthamer,) 

Properties . Snow-white, loosely coherent mass, consisting of needles 
arranged in stellate groups. ' (Marsson.) It crystallises from hot 
alcohol in stellate or arborescent groups of needles ; from the ethereal 
solution by spontaneous evaporation in needles grouped in tufts. 
(Sthamer.) Melts between 44° and 45°, and on cooling solidifies in a 
non-crystalline brittle, friable mass, resembling stearin. (Marsson.) 
Melts between 45° and 4G°, and solidifies at 23°. The solidification 
begins with the formation of small white scaly bodies with concave surfaces which 
afterwards run together. The whole then forms a white mass resembling stearin, ard 
having its surface indented with small depressions of, uneven surface. These hollow i 
when examined with a lens, are seen to contain needle-shaped crystals, arranged con- 
centrically and radiating from the lowest point. The mass is brittle, odourless 
and friable. (Sthamer.) 

Marsson. Sthamer. 

a. I). 

54 C 324 .... 73*97 .... 73*88 74*01 

50 II 50 .... 11-41 .... 11*05 11*30 

8 0 64 .... 14-G2 .... 14*47 14*03 

C 51 H 50 O 8 438 .... 100*00 .... 100*00 100*00 

a. Prom bay-berries; h. from picliurim-beans. "Weltzien (Syst. Zusammcnst , 
559), gives the formula C 54 H 5 -0 10 , which, however, requires 71*05 per cent. C., and 
11*4 H. See also Fohl (Wien, Ahad . Ber. 10, 485). 

Decompositions. Laurostcarin burns with a bright flame (Sthamer). 
By dr if distillation it yields acrolein (Marsson, Sthamer), a solid fat 
crystallisable from ether (Marsson), but no scbacic acid (Sthamer). 
— May be saponified with tolerable facility by potash , yielding a 
gelatinous soap. (Marsson.) It is decomposed by digestion with 
haste acetate of lead, with separation of glycerin. (Sthamer.) It dissolves 
with difficulty in cold, more readily in hot alcohol , whence, it crystal- 
lises on cooling. Dissolves readily in ether. 


Laurostearone, 

C 46 IF’0 2 = 0 2i H 23 O,C 22 H 23 O. 

Overbeck. Pogg. 85, 591. 

Laurons. 

When laurate of lime is subjected, to dry distillation in small 

e 2 
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portions, laurostoarone passes over in colourless drops which solidify in 
the neck of the retort. As soon as brown drops appear, the distil- 
lation is interrupted, and the resulting' mass is crystallised from 
anhydrous alcohol, with addition of animal charcoal. 

Dazzling’ white scales, melting at G0°, and then solidifying in a 
crystalline' mass. Becomes strongly electric by friction. 


Overbook. 

46 C 276 .... 81-65 .... 81*42 .... 81*04 

46 H 46 .... 13*61 .... 13*82 .... 14*10 

2 0 16 .... 4*74 .... 4*7G .... 4*86 


C* Ui IT 1G 0 3 338 .... 100*00 .... 100*00 .... 100*00 


Appendix to Laurie Add. 

Bay-berry Camphor. 

c 44 h 5 o o g . 


Bonastre (1824). J. Pharm . 10, 32*, abstr. Repert. 17, 190, Ur. 

Arch . 13. 195. 

Dfxffs. J. pr . Chem. 58, 434 ; Am Pharm . 88, 354. 

Laurin , Lorbeereampher . — Discovered by Bonastre in bay-berries. The nearly 
inodorous pichurim-camphor, scarcely soluble in alcohol, which, according to Bonastre 
(J. Pharm. 11, 3), crystallises from the volatile oil of piclmrim-beans, is, according to 
Gerbardt ( Traite, 4, 309), perhaps bay-tree camphor. — Marsson {Ann. Pharm. 41,329), 
by following Bonastre’ s directions, did not obtain any bay -tree camphor. Delffs, oil the 
other hand, obtained it both from fresh and from old bay-berries. 

Preparation . Shelled and pulverised bay-berries are boiled two or 
three times with alcohol of 85 — 90 per cent, ; the solution is filtered at 
the boiling heat ; the crystals of laurostcarin, which separate from the 
filtrate after two or three hours, are removed by a second filtration, and 
the filtrate is left to evaporate in the air. The crystals which separate 
therein, together with oil-drops, arc taken out from time to time, 
pressed between paper, to remove the gradually thickening oil, and 
crystallised from alcohol. (Dclffs.) — Bonastre exhausts bay-berries 
with absolute alcohol ; concentrates the extracts strongly till they 
separate into an oily and an alcoholic layer, and purifies the crystals 
which separate from both, by washing and recrystallisation from 
alcohol. 

Properties. Dazzling white right rhombic prisms, with a dome 
resting on the acute edges, and dull or rough faces. (Dclffs.) Needle- 
shaped rhombic octahedrons, having the angles of the base equal to 
60° and 120°. (Bonastre.) Translucent, grates between- the teeth, 
melts when heated (Bonastre). Tasteless and inodorous (Delffs) ; 
tastes bitter and sharp (Bonastre). Neutral, 

Delffs. 

44 C 264 .... 77*20 76*85 

30 H 30 .... 8*77 8*89 

6 O 43 .... 14*03 34*26 

CUH30Q6 342 t><( 100*00 100*00 

According to Dclffs, it is C 2 'Tl ir, Q'l 
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Decompositions. 1. Volatilises almost completely with resinous 
odour when heated, completely when thrown on red-hot coals. 
Resolved by dry distillation into water, — a yellow empyreumatic oil 
soluble in alcohol, — gases, — and a small residue of spongy charcoal. — 
2. Not decomposed by nitric ctcicl . — 3. Oil of vitriol colours it orange- 
yellow. (Bonastrc.) 

Insoluble in water. It imparts to boiling water a bitter taste 
(Bonastrc) ; no taste (Pclffs). — The alcoholic solution of bay-berry 
camphor does not precipitate neutral acetate of lead , or nitrate of silver. 
(De lifts.) 

The camphor dissolves sparingly in cold alcohol , easily in boiling 
alcohol and in ether . (Bonastrc.) 


Primary Nucleus C 24 H 23 ; Oxygen-nucleus , C 2i IPO s , 

Sapogemn. 

(MPO 10 = C^IPO^O 2 ? 


Fremy. (1835.) Ann. Chim. Phys. 58, 102; Ann. Pharm. 15, 187; 

J. pr . Chem. 3, 393 ; abstr. J. Pharm. 20, 243. 

Quevenne. J. Pharm. 23, 272. 

Rochleder & Schwarz. Wien. Acad. Per. 11, 338. 

A. Overbeck. N. Br. Arch. 77, 134-. 

Bolley. Ann. Pharm. 90, 211, and 91, 117. 

Fremy, in 1835, obtained his esculic acid by the decomposition of saponin from 
horse-chestnuts and from Saponaria. Quevenne regarded the A tide polygalique modifie 
obtained by the decomposition of senegin from Polygala , as allied to Fremy ’s acid, 
without, however, demonstrating the identity of the two. Both these bodies, together 
with Overheck's Saporetin } are regarded as identical by Bolley, who unites them under 
the name Sapogenin. — Rochleder & Schwarz regard sapogenin from Saponaria as iden- 
tical with quinovin ; but this view is rendered improbable by the more recent investiga- 
tions of Hlasiwetz (Am. Pharm. Ill, 182). — We, here, with Bolley, regard the sapo- 
genin, resulting from decomposition as identical with the bodies obtained by Fremy and 
Quevenne j hut we dissent from Bolley's view in regarding saponin as different from 
senegin, Acide polygalique. — The product which Fremy obtained by the second mode of 
preparation (p. 54) is perhaps different from sapogenin, and this may account for the 
difference between his statements and those of others. This view is supported by 
v. Payr’s statement respecting the behaviour of saponin to hydrate of potash. (Kr.) 

Formation . By treating saponin from horse-chestnuts or from 
Baponarin (Fremy), or senegin from Polygala (Quevenne), with dilute 
mineral acids. Grape-sugar is produced at the same time. (Rochleder 
& Schwarz ; Overbeck.) Sapogenin is also produced from the saponin 
of horse-chestnuts by the action of potash- ley or of the electric current ; 
but not from the saponin of Baponaida. (Fremy.) 

Preparation. 1. An aqueous solution of saponin from horse-chest- 
nuts is left in contact with cold hydrochloric acid for a long time, or 
with tlie boiling acid for a shorter time, and the precipitated sapogemn is 
washed with water. (Fremy.) Quevenne dissolves the sapogenin 
thus obtained in boiling alcohol of 40°, and evaporates the solution or 
precipitates it with water. Rochleder k Schwarz decompose saponin 
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by boiling’ with aqueous hydrochloric or sulphuric acid, dissolve the 
flocks in boiling acetic acid and mix the filtrate with cold water. 
Overbeck purifies the product by repeatedly digesting the alcoholic 
solution with animal charcoal, and leaves the liltrate to evaporate. 
Saponin may likewise he obtained from the decoction of Mcn-eya with 
previous preparation of senegin. (Holley.) 

2. Saponin from horse-chestnuts is treated with warm potash, 
whereupon sapogenin and a yellow colouring matter adhering to the 
saponin unite with the potash. By treating the product with weak 
alcohol, the latter compound may bo separated, and the compound of 
sapogenin and potash obtained in crystals by leaving the solution to 
evaporate. This compound may be decomposed by precipitating its 
aqueous solution with acids. (Fremy,) By this process, pure sapo- 
genin may be obtained from saponin of horse-chestnuts more readily 
than by 1. (Fromy.) Sec also, under jS'apomw, Rochlcder & Schwarz's state- 
ments respecting its behaviour to potash. 

Properties. Remains after the evaporation of its alcoholic solution 
in yellowish white, friable, irregular, amorphous lumps. (Quevcimc.) 
Horny lamina) which may be rubbed to a white powder. (Overbook.) 
According to Fremy sapogenin cither from horse-chestnuts or from Saponaria may be 
crystallised from alcohol. Tasteless (Fremy) ; the taste is but faint at 
first, but afterwards very bitter. (Que venue.) The alcoholic solution 
reddens litmus. (Quevenne.) 

Calculation according to 



Fremy. 



Rochleder & Schwarz. 



52 C 

312 . 

... 56*73 .. 

.. 12 C., w . 

a. 

.. 72 .... 63*16 

.... CO C 

b. 

... 360 . 

... 67*41 

46 H ... 


... 8*36 .. 

.. 10 H 

.. 10 .... 8*77 

.... 46 H 

.. 46. 

... 8*61, 

24 0 ... 

192 . 

... 34*91 .. 

.. 4 O 

.. 32 .... 28’07 

.... 16 O 

.. 128 . 

23*98 

CJ 52 H 46 0- 

» ... 550 . 

...100*00 .. 

.. C 12 H 10 O 4 .. 

..114 ....100*00 

.... C c0 H 10 O 1(i .. 

..534. 

...100*00 


Overbeck. Bolley. 



18 C 

14 H 

6* O 

...... 108 

14 

48 

.... 63*53 
.... 8*23 

.... 28*24 

18 H 18 

10 O 80 

.... 59*51 
.... 7*43 

.... 33*06 


C 1S H W 0 6 .. 

170 

.... 100*00 

C 24 H I8 0 10 .... 242 

.... 100*00 


Fremy. 

Rochleder & Schwarz. Overbeck. 

Bolley. 


a , 

6. 

a. 

b . at 100°. 

a. b. 

mean. 

C 

.... 56-79 ... 

56*43 . 

... 63*35 . 

... 67*04 .... 63*30 .... 

59*20 ... 

. 60*03 

H 

.... 8*35 ... 

.. 8-64 , 

.... 8-57 . 

... 8*88 .... 8*76 .... 

7*70 ... 

„ 7*60 

0, 

.... 34*86 ... 

.. 34-93 . 

.... 28*08 . 

24*08 .... 27*94 .... 

33*10 ... 

.. 32*37 


100*00 .. 

.. 100*00 

.... 100*00 

.... loo-oo .... loo-oo .... : 

100*00 

.. 100*00 


a. From horse-chestnuts; b. from Saponaria (Fremy). — a. dried for several hours 
between 120° and 125°; b. for twenty ffour hours at 100°; both products from Sapo- 
naria. (Rochleder & Schwarz). — Bolley analysed sapogenin, a. from Senega, b, from. 
Saponaria , — The great discrepancies between the analyses arise from the partial altera- 
tion of sapogenin in drying. It should therefore be dried in a stream of cai'bonic acid. 
(Rochleder, Wien. AJcad. Ber. 16, 1). 

Decompositions . 1. In drying (vid. sup,). — 2. When heated it does not 
melt till it begins to decompose ; it does not yield any peculiar products 
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by dry distillation. (Fremy.) — 3. In contact with oil of vitriol it turns 
violet, and imparts a faint violet tint to the oil of vitriol itself. (Quo- 
venne.) It dissolves in oil of vitriol with red-brown colour ; in less 
concentrated sulphuric acid with red colour. (Itochlcdcr k Schwarz.) 

— 4. With nitric acicl , it forms a brown resin and red vapours. (Fremy.) 

— 5. It appears to be somewhat altered by prolonged boiling with 
dilute acids. (Bolley.) 

Combinations. Sapogenin is nearly insoluble in boiling water. 
(Fremy.) When left in contact with water for a considerable time, it 
does not swell up, but dissolves slightly, so that the solution precipi- 
tates metallic salts. (Quevcnne.) 

It unites with bases, without losing water. The resulting com- 
pounds, Fremy’ s osculates, are decomposed by carbonic acid. 

The compounds with Ammonia , Potash, and Soda are soluble in 
water, and solidify to a jelly when their aqueous solutions are evapo- 
rated, but separate from a mixture of 1 pt. water and 2 pts. alcohol 
in beautiful pearly laminae. They contain 1 at. base to 2 at. sapo- 
genin. (Fremy.) Alcoholic sapogenin neutralized with potash-ley 
leaves, when evaporated, an amorphous, white, very bitter mass, not 
containing ■ any crystals. (Quevennc.) Sapogenin forms w 7 ith the 
alkalis very bitter compounds, which arc soluble in water. (Rochledcr 
k Schwarz.) Gclatinons sapogenin dissolves readily in aqueous 
alkalis, but after drying it dissolves but imperfectly even when boiled 
in the liqnid. (Ovcrbeck.) 

With Baryta, Sirontia, and Lime, sapogenin forms compounds inso- 
luble in water and in alcohol of 40°, but soluble in dilute alcohol. 
(Fremy.) Alcoholic sapogenin precipitates baryta- and lime-salts, but 
not hydrochlorate of magnesia . (Quevcnne.) Bolley’s sapogenin like- 
wise precipitates baryta-salts. 

With Lead-oxide or Cupric oxide sapogenin forms compounds inso- 
luble in water. (Fremy.) Alcoholic sapogenin precipitates sulphate of 
copper, neutral and basic acetate of lead, ferrous and ferric sulphates, nitrate 
of silver and bichloride of platinum. (Quevennc.) Sapogenin pre- 
pared from Saponaria or from Senega , precipitates neutral acetate of 
lead but slightly ; basic acetate of lead, ferric salts, silver salts, and 
mercuric salts more copiously. (Bolley.) Overbeck’s sapogenin docs not 
precipitate an alcoholic solution of neutral acetate of lead. 

Sapogenin dissolves very readily in alcohol, hut is insoluble in 
ether. (Fremy.) From aqueous tannic acid it throws down a small 
precipitate. (Quevenne.) 


Primary Nucleus C 34 II 28 ; Oxygen-nucleus C 24 IP0 8 ? 

Picrolichenin. 

C 24 H 20 O 12 = C^H^O 4 ? 

Alms. (1832.) Ann. Pharm . 1 , 61. 

Gregoby. J. Pharm. 21 , 314. 

A. Vogel, jun., k Wutii. N. Jdhrb. Pharm . 8, 201 ; N. Br. Arch. 95, 
67; J.pr. Clem. 72, 272. 
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Occurrence . In Variolaria amara. 

Preparation . The lichen is distilled with rectified spirit (if it remains 
in contact with tlie liquid for too long a time, it undergoes alteration, and a brown 
mass is obtained, Vogel & Wuth ) ; the extract is evaporated to a syrup, and 
left at rest : and the crystals, which separate after fourteen days, are 
purified by washing with weak potash-ley, and repeated crystallisa- 
tion from alcohol. (Alms.) A pound of the lichen yields half an 
ounce of picrolichenin. 

Properties. Colourless, transparent, highly lustrous, rhombic octa- 
hedrons. Melts a little above the melting point of sulphur, and 
solidifies to a transparent brittle mass on cooling. Not volatile 
without decomposition. Sp. gr. IT 76. Inodorous, hut has a strongly 
bitter taste. The solutions redden litmus. 

Vogel & Wuth, 

* mean. 

24 C 144 .... 55*38 55*85 

20 H 20 .... 7*69 7*78 

12 0 96 .... 36*93 36*37 

C 2l H 20 O 12 260 .... 100*00 100*00 

According to Vogel & Wuth it is perhaps isomeric with senegin. 

Decompositions. 1. Picrolichenin heated considerably above its 
melting point, decomposes, giving off white fumes, which irritate the 
organs of respiration, and leaves a loose, shining charcoal. — 2. Ohio - 
vine-water colours it sulphur-yellow. — 3. The solutions in ammonia and in 
potash-ley turn red on exposure to the air ; and on addition of acids, 
deposit altered picrolichenin which has * lost the whole or nearly the 
whole of its bitterness. (Alms. vid. inf.) 

Combinations. Picrolichenin is insoluble in cold water , but dissolves 
slightly in boiling water, without separating again on cooling. — - 
Strong nitric acid dissolves it in small quantity at the boiling heat, 
without colouring or evolution of gas. Oil of vitriol forms with picroli- 
chenin a colourless solution, which becomes turbid when mixed with 
water or exposed to the air. 

With Ammonia. — Aqueous ammonia dissolves pLcrolichenm, out of 
contact with air, forming a solution colourless at first, but afterwards 
becoming saffron-yellow, which after some time deposits very brilliant, 
transparent, tasteless, crystalline tufts. These crystals effloresce on 
drying, and melt at 50° to a cherry -red resin, which is difficult to dry, 
gives off ammonia at a higher temperature, is insoluble in water, but 
dissolves with cherry-red colour in ammonia, potash, and alcohol. •— The 
crystals dissolve sparingly in water, easily in ammonia, potash, and 
alcohol. (Alms.) 

Picrolichenin dissolves very easily in aqueous potash to a frothy 
liquid ; sparingly in carbonate of potash. (Alms.) 

It dissolves easily in bisulphide of carbon , also in warm acetic acid , 
crystallising* out on cooling, and being* precipitated by water. — -It 
dissolves readily in alcohol , and is precipitated therefrom by water ; 
easily in ether and in volatile oils after prolonged boiling, also in fixed 
oils. (Alms.) 
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Oxygen-nucleus C 24 I1 12 0 16 . 

Physodin. 

C 2i II 12 0 lc . 


Gekding. N. Br. Arch. 87, 1. 

Occurrence . In Parmelia phjsocles. 

Preparation . The lichen air- dried and cut in pieces is macerated 
for several days with ether ; the ethereal extract is evaporated ; and 
the residual white powder is purified by washing with alcohol and 
repeated crystallisation from absolute alcohol. 

Properties . White, loosely coherent mass, appearing when mag- 
nified 120 times, to consist of four-sided truncated prisms ; if obtained 
from the alcohol solution by spontaneous evaporation, it forms 
crystals 2^ lines long. Melts at 125°. Neutral to vegetable colours. 


24 C 

a. 

.. 144 .. 

50*70 

.. 20 C 

... 120 . 

... 49*51 .. 

Gerding. 

mean, 
at 100°. 
49*75 

12 H 

.. 12 ., 

... 4*23 .. 

.. 10 H 

... 10 . 

... 4-13 .. 

4*63 

1G 0 

.. 128 . 

... 45*07 .. 

.. 14 0 

... 112 . 

... 46*36 ... 

45*62 

C N H ls 0 16 .. 

.. 284 . 

... 100-00 .. 

.. C 20 H 10 O 14 . 

... 242 . 

... 100*00 ,. 

100-00 


Gerding, by an inexact calculation, obtained the formula C 20 H n Q 15 , which requires 
47*8 per cent, C., 4*4 H., and 4 7*8 O. This formula is resolved by Weltzien into 
C 20 H 8 O 12 + 3 aq. (Si/st. Zusammenst . 523.) 


Decompositions . 1, Physodin, when heated to 125°, is converted into 

a dark rose-coloured product, Gerding’ s physodein, which contains 
51'08 p. c. 0., 4*00 H., and 44*82 0., according, to Gerding, C 20 IL 9 O ls , 
and is produced from physodin by loss of water. This formula agrees with 
that of physodin j requires 52-36 p. c. C., 4*00 H. {Kr.) — . 2. Oil of 

vitriol dissolves physodin with violet and afterwards with deep rose- 
red colour, and water then precipitates bluish violet flocks. — 3. By 
nitric acid it is converted into oxalic acid -with evolution of nitrous 
gas. 


Combinations . Physodin behaves to water like a resin, and is (? not) 
wetted by it. It is not altered by dilute acids. 

It dissolves easily in warm aqueous ammonia , forming a yellow 
solution, which becomes reddish on exposure to the air. When 
exposed to ammonia vapours, it assumes, a chrome-yellow colour, and 
afterwards brown-red in contact with the air. — In carbonate of ammonia 
it dissolves slightly at mean temperatures, easily on boiling; in 
potash-ley instantly, with yellow colour. Acids precipitate from these 
solutions light yellow or reddish flocks ; the potash-solution yields a 
dingy yellow precipitate with chloride of barium . The alcoholic solution 
of physodin is not precipitated by chloride of barium , but it yields with 
acetate of lead a pale yellow precipitate, soluble in potash-ley, with 
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sulphate of copper a pale green ; ami with nitrate of silver a brown-red 
precipitate. , , , 

It is insoluble in alcohol of 80 p. c., but dissolves in boiling' absolute 
alcohol. It is insoluble in ether and in acetic acid. 


Primary Nucleus C 24 Il 30 ; Oxygen-nucleus C 3 *1L M 0 8 . 

Leucic Acid, 

C 24 II 21 0 12 = C 24 IF0 6 ,Q°. 


Cahours. Compt. rend. 27, 368. 

A. S trucker. Ann. Pharm. 68, 55 ; Lehrhich. 3 Anil. 200. 

Gossmann. Ann. Pharm. 01, 135. 

Waage. Ann. Pharm. 118, 295. 

Ti-iudichum. Chem. See. Qu. J. 14, 307. 

C 24 H 24 0 13 from its analogy with lactic acid (xi. 472), which, however, according to 
more recent investigations, appears to be C fi ll 6 0 6 . (Kr.) The experiments of Waage 
and Thndiclium tend rather to show that leucic acid is C 12 H 12 O r> . 

Formation. 1. Leucine, dissolved in water, is converted, by the 
action of oxidising agents, or even on standing, into a peculiar acid 
C 13 II 13 0 6 . (Cahours.) When nitric oxide gas is passed through a 
solution of leucine in strong nitric acid [or nitrous acid through a 
solution of leucine in warm water (Thudiclmm), or water slightly 
acidulated with nitric acid (Waage)], nitrogen is evolved, and oily 
leucic acid, soluble in ether is produced (Strecker) : 

2C’ 2 NH 13 0 4 - 2NH 3 + 4HO = C 24 H 24 0 12 . 

2. When chlorine gas, not in excess, is cautiously passed through 
a solution of leucine in caustic soda, leucic acid is formed and may be 
separated from the mixture in the samo manner as benzogly collie 
acid (xii, 64) from hippuric acid. (Gossmami.) 

Preparation. Purified leucine* is dissolved in boiling water slightly 
acidulated with nitric acid, and nitrous acid gas is passed through, the 
warm solution as long as nitrogen continues to escape; the liquid, 
which turns brown and gradually deposits brown flakes, is left to cool, 

* The leucine used in the preparation was prepared by Hinterbcrger’s method (Ann. 
Pharm . 31, 135), as modified by Schwancrt (Hid. 102, 221), viz., by boiling ox .horn 
for some time with sulphuric acid ; adding milk of lime in excess, filtering, boiling 
again, and precipitating the lime with oxalic acid ; decolorising the filtrate by adding 
sulphate of copper, and precipitating the copper with sulphuretted hydrogen; then 
concentrating the filtrate, and leaving it to crystallise. The leucine thus obtained was 
father purified by repeated crystallisation from water and weak spirit, finally decolorised 
by boiling it with a small quantity of hydrated oxide of lead, and precipitating the dis- 
solved lead with sulphuretted hydrogen; the solution was then evaporated and the 
leucine once more crystallised from, dilute alcohol. The product was quite colourless, 
but left 2 per cent, of ash when burnt, and still contained a trace of sulphur. 
(Waage.) 
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then agitated several times with ether ; and the ethereal extracts are 
evaporated. The residue is a brown oily liquid not miscible with water, 
which gradually solidifies to a radio-crystalline mass. The aqueous solu- 
tion freed from leucic acid by repeated agitation with ether, left on evaporation a con- 
siderable quantity of nitro-leucic acid — T 0 purify the crude leucic acid thus 
obtained, it is dissolved in a largo quantity of water (a smaller quantity 
dissolves it but imperfectly) ; the boiling* liquid is mixed with an aqueous 
solution of acetate of zinc ; and the precipitated leucate of zinc is 
washed on the filter with water (which dissolves but a small quantity of it), 
purified by recrystallisation from alcohol, then suspended in water, 
and decomposed by sulphurrotcd hydrogen. The filtered solution is 
but very slightly coloured, and when evaporated to a syrup and left 
to stand, yields leucic. acid in colourless needles. If, on the other hand, 
the zinc-salt be suspended in alcohol and decomposed by sulphuretted 
hydrogen, the acid is obtained in hard, brittle prisms. (Waage.) 

2. Thudichum passes nitrous acid gas through a warm aqueous 
solution of leucine ; evaporates with addition of leucine to neutralise 
the free nitric acid, and prevent it from oxidising the leucic acid ; 
agitates the syrupy residue with ether (or extracts the lcucic acid 
from the aqueous solution by agitation with ether, without previous 
evaporation; in which case, however, the treatment with ether must 
be repeated a great number of times) ; — and purifies the crude leucic 
acid from adhering brown oil, cither by solution in cold water, 
filtration and recrystallisation, or by strongly pressing the coloured 
crystals between bibulous paper, — or by precipitating the aqueous 
solution with acetate of lead, decomposing the washed precipitate 
with sulphuretted hydrogen, and evaporating the filtrate, either over 
the water-bath at a very moderate heat, or over sulphuric acid. 

Properties . Colourless needles. (Strecker.) Needles or hard, brittle 
prisms, of the right or oblique prismatic system, according to the mode 
of preparation. (Waage, via, sup.) ltadiary groups of needles, having a 
mother-of-pearl lustre, with a beautiful variety of concentric mark- 
ings, like those of some kinds of larch-agaric. (Thudichum.) Heavier 
than water. Cuts like hard soap, almost like stearic acid. (Thudi- 
chum.) Has an acid taste, and reddens litmus (Thudichum) ; bitter 
taste, and strong acid reaction (Waage). Melts below 100° and 
solidifies on cooling. (Thudichum.) Molts at 73°, and sometimes 
solidifies at a few degrees below the melting point, sometimes remains 
liquid oven when cooled to 0°. (Waage.) 

Waage, Thu di chum. 


12 C 

... 72 

.... 54-54 ... 

54*3 . 

mean. 

... 53-57 

12 H 

... 12 

.... 9*09 ... 

9*1 . 

... 8*73 

60 

... 48 

36-37 .... 

36*6 . 

... 37*70 

C“fl“0« 

.... 132 

.... 100-00 ... 

100*0 . 

... 100*00 


, The loss of carbon in Thudichum’s analyses arose from partial decomposition. 

Decompositions. 1, Leucic acid volatilises at 100°, apparently with- 
out decomposition. If placed on a -watch-glass and heated over the 
water-bath, the sides of the glass become fringed with crystals of the 
sublimed acid, which dissolve easily in water, leaving, however, a 
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few flocks, probably consisting of the anhydride. Tlio mass which 
remains in the middle of the watch-glass is syrupy, dissolves in water 
only after prolonged boiling, but is easily soluble in alcohol and 
ether; it probably consists of leucic anhydride; but whether corre- 
sponding to lactic anhydride (xi. 501) or to laetido, is at present un- 
determined. (Waage.) The acid heated for some time in the water- 
oven continually gives off acid-smelling vapours, and does not 
afterwards solidify on cooling, but remains in the form of an uncrys- 
tallisable, dark brown smeary syrup; the anhydride, which has a very 
disagreeable odour, remains unchanged, even when left over oil of 
vitriol for weeks, and is nearly insoluble in water, separating from it 
like an oil and sinking to the bottom. A small quantity of this 
insoluble compound is likewise formed when the aqueous solution, 
even if dilute, is heated to the boiling point or evaporated. The forma- 
tion of this insoluble compound renders the preparation of pure salts of leucic 
acid rather difficult, and has doubtless also given rise to the statement sometimes 
made that leucic acid is uncrystallisable. (Thudiohum.) — 2. Leucic acid 
strongly heated in the air , gives off thick fumes and blackens, thou 
takes fire and burns with a yellow smoky llame, leaving a small 
quantity of charcoal, which is quickly and easily consumed. (Thu- 
dichum.) 

Combinations. Very soluble in water. (Waage, Thudichum.) 
Difficultly soluble. (Streckcr.) Strecker’s acid was, perhaps, partially con- 
verted into the insoluble compound above mentioned. A small piece? placed 
on water dissolves rapidly, producing curious currents of diffusion. 
The solution has an agreeably acid taste, reddens litmus, and decom- 
poses carbonates. 

Leucates. — Leucic acid forms crystallisable salts (Streckcr, Thndi- 
ckum), most of which have the composition (P 2 IL u M0 6 . An acid silver- 
salt appears, however, to exist, which may be either C ia H ll AgO fl , 
(PH 13 0°, or C^IPAgO 6 ; but as no acid leucate of any other base has 
been produced, the 12-carbon formula of the acid must be regarded as 
the more probable — a conclusion also pointed out by the formation, of 
the acid from leucine. The salts arc for the most part obtained by 
boiling the aqueous solution of the acid with the corresponding carbon- 
ates. (Thudichum.) — They are less soluble than the lactates in water, 
more soluble in alcohol. (Waage.) 

Leucate of Ammonia . — The acid slightly supersaturated with 
ammonia, and evaporated, loaves a thick homogeneous residue, in, 
which no trace of crystallisation can be observed, oven after drying for 
several weeks over oil of vitriol. (Thudichum.) 

Leucate of Soda. — The aqueous acid neutralised with carbonate of 
soda and evaporated, leaves a syrupy residue covered with a crystal- 
line crust. When this syrup is left over oil of vitriol, crystals form in 
it, which, under the microscope, exhibit a characteristic tub-shape, 
with rhombic plates interspersed here and there. (Thudichum.) 

Leucate of Baryta , C 12 H u Ba0 6 . — Obtained by digesting the aqueous 
acid with carbonate of baryta. (Waage, Thudichum.) It dissolves 
with moderate facility in warm water and dilute alcohol, and sepa- 
rates from boiling alcohol in beautiful colourless, silky, laminar crystals, 
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which, like most leucates, retain something of the appearance of 
leucine. (WaagC.) Thudicum obtained it by evaporation in crystalline crusts, 
which remained yellow even after pressing and drying. It is anhydrous, 
and gives by analysis 38* G p. c. baryta, the formula requiring' 38*4 p. c. 
(Waag’O.) 

By evaporating two equal quantities of the acid, one of which had 
boon neutralised with carbonate of baryta, a smeary semi-solid mass 
was obtained, apparently consisting of a mixture of the neutral salt 
with free leueic acid. (Thudichum.) 

j Leucate of Lime . C^IPCaO 8 . — An aqueous solution of the acid 
neutralised with chalk or milk of lime and left to evaporate, yields 
tire lime-salt in fine needles, easily soluble in water and in alcohol. 
(Waage.) Thudichum obtained it in non-crystalline crusts, which gave 
by analysis 12*G8 and 12*78 p. c, lime (calc. 13*24 p. c.). 

Leucate, of Maghesia. — Sparingly soluble in water, deposited in 
crusts on evaporation. (Thudichum.) 

Leucate of Zinc . — Obtained by neutralising the dilute acid at 
the boiling heat with carbonate of zinc, and filtering at the same 
temperature. If the solution of leucic acid is not exceedingly dilute, a thick 
froth containing undissolved leucate and carbonate of zinc is formed at the top of the 
liquid, which requires repeated boiling with water to dissolve it. The latest solutions 
are the purest and least coloured. The solution deposits a thill crust Oil 
cooling. Evaporated over the water-batli, it soon becomes covered 
with a crust, and on cooling deposits bulky masses of needles, which 
must be separated by filtration, pressed between bibulous paper, and 
dried by exposure to the air or over the water-bath. The best 
crystals are obtained from a solution containing excess of leucic acid. 
(Thudichum.) For Waage’s mode of preparation, see page 59. 

Snow-white, with splendid silky lustre ; exhibits under the micro- 
scope the appearance of masses of needles. (Thudichum.) Extremely 
light scales, of dazzling whiteness and silky lustre. (Waage.) 
Sparingly soluble even in boiling water, less in cold water. (Thudi- 
chum.) Dissolves in 300 pts. water at 1G°, and in 204 pts. boiling 
water, more soluble in alcohol. (Waage.) The air-dried salt gives 
off 5*1 p. c. water (1 at.) at 100 (Waage); gives off half its water at 
100°, but requires a temperature of 120°— 130° to dry it completely. 
(Thudichum.) — Sulphuretted hydrogen precipitate s’ the zinc completely 
(Waage), only a portion even after repeated saturation of the solution 
with the gas. (Thudichum.) 


at 120° — 130° Thudichum. Air-dried. Waage. 

mean. 


12 C 

72*0 .. 

. 44-01 .. 

. 43*87 ... 

. 12 C 

.. 72*0 . 

. 41*72 


11 II 

11*0 

, 6*72 .. 

. 6-89 ... 

. n h . 

iro . 

. 6*37 


Zu 

32*6 .. 

. 19*92 .. 

. 20*10 ... 

Zn . 

... 32*6 . 

. 18*89 .. 

. 18*79 

6 0 

48*0 .. 

. 29*26 .. 

. 29*14 ... 

6 O 

... 48*0 . 

. 27*81 






HO 

... 9*0 .. 

. 5*21 ... 

. 5*1.0 

C 12 H u Zu0 6 ..., 

, 163*6 

.. 100*00 .. 

.. 100*00 ... 

. + Aq . 

...172*6’ .. 

. 100*00 



Leucate of Lead. — On adding acetate of lead to a solution of leucic 
acid or a leucate, a copious white precipitate is produced, which is 
flaky, and, on boiling, dissolves almost entirely in the liquid.. Any por- 
tion remaining undissolved melts into a white mass, which is soft like 
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resin while warm, but becomes brittle and hard on cooling. This 
substance is insoluble in water and alcohol, even on boiling, and 
seems to be a basic salt. 

If the solution of lead is added to a boiling solution of the acid, 
no precipitate ensues, acid vapours are evolved, and the, liquid becomes 
milky on cooling. In a short time, it deposits the lead-salt aw a light, 
granular, white mass, which, under the microscope, appears to be made 
up of a multitude of strongly refracting spherical masses, of the size 
of human blood-corpuscles. This salt is more easily soluble in an. 
excess of the acetate than in water. It is easily soluble in spirit of 
wine, particularly in boiling spirit. Even in these solutions, basic salts 
are easily formed. The addition of water to these solutions produces 
a precipitate. (Thudichiun.) 

Leucate of Cobalt. — The dilute aqueous acid boiled with excess of 
carbonate of cobalt, then filtered and evaporated, deposits light crusts 
of a pink colour while moist, but of a very pale rose-colour or almost 
white when dry. The salt is but sparingly soluble in colb water, and 
not much more soluble at the boiling heat. It crystallises in needles, 
which, under the microscope, appear to bo arranged in globular 
masses. 


12 C 

.... 72 

... 44*85 . 

Thudichmn. 

mean. 

44*82 

11 H 

.... 1 1 . 

... 6*85 . 

6*77 

Co 

... 30 . 

... 18*38 . 

18*38 

6 O 

.... 48 . 

... 29*92 . 

30*03 

C 12 H n Co0 6 

.... 161 . 

... 100*00 . 

100*00 


Leucate of Copper. — When a dilute aqueous solution of leucic acid 
is treated with a dilute solution of aimnonio-sulphate of copper, the 
colour of the copper-salt changes to light green. Oil boiling the liquid, 
it becomes paler, and, on cooling, deposits light green granules of 
leucate of copper. Under high powers of the microscope, those 
granules appear as balls, formed by a va, diary arrangement of needles? 
(Thudichiun.) — A solution of leucic acid mixed with acetate of copper 
forms a green flocculent precipitate, very sparingly soluble in water, 
even at the boiling heat, hut easily crystallised from boiling alcohol, 
from which, it separates in very beautiful light blue, sinning, bulky 
scales, winch do not undergo any diminution in weight at 1 00°, 
(Waage.) 


Waage. Thudiclimu. 

12 € 72*00 .... 44*25 .... 44*5 

11 II... 11*00 .... 6*76 .... 6*9 

Cu 31*08 .... 19*49 .... 19*3 .... 18*56 

6 0....,; 48*00 .... 29*50 .... 29*3 


C 12 H u CuO° 162*68 .... 100*00 .... 100*00 


Mercurous Leucate. - — When to a solution of leucic acid a solution 
of mercurous nitrate is added, a slight turbidity ensues. The addition 
of carbonate of soda produces a copious reddish- white precipitate, 
which, on boiling, becomes red, then dull grey, and deposits metallic 
mercury at the bottom of the tube, (Thnaictmm.) 
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Mercuric Leucate may be prepared: — a. Directly, by dissolving 
freshly-precipitated moist mercuric oxide in aqueous leucic acid. A 
flaky precipitate gradually ensues, which, on heating, becomes reel and 
granular, and adheres to the sides of the glass. On cooling, a new 
precipitate, consisting of whitish globules, is deposited. — b. By adding 
mercuric nitrate to an aqueous solution of leucic acid. , A whitish-red 
precipitate is formed, which dissolves on boiling, and, on cooling, is 
again deposited in reddish granules. — c. By adding the mercurial solu- 
tion to the leucate of an alkali. 

The leucates of both oxides of mercury have a great tendency to 
become reduced. The mercuric salt easily passes into , the mercurous 
salt. The mercuric salt, moreover, has a great tendency to become 
basic and insoluble. (Thudiclmm.) 

Leucate of Silver . — a. Neutral. — Obtained by adding nitrate of 
silver to the solution of the acid neutralised with ammonia, or by 
boiling the acid with oxide of silver, and may be rendered quite colour- 
less by re crystallisation from boiling water, in which it is moderately 
soluble. It is anhydrous. (Waage.) Nitrate of silver added to a 
warm solution of leucate of ammonia, potash or soda, forms a copious 
white crystalline precipitate, which increases as the liquid cools, and 
blackens if left in the mother-liquor. (TTiudichum.) 


Dried over oil of vitriol. Waage, Thudichum. 


12 C 

.... 72 

... 30*13 



11 H 

.... 11 . 

... 4-60 



Ag 

.... 108 . 

... 45-19 .. 

.. 45*2 .. 

.. 44*14 

GO 

.... 48 . 

... 20-08 



C 12 Il n AgO s .... 

.... 239 . 

... 100*00 




The salt, dried over the water-bath below 1 00°, became brown and continued td lose 
Weight. (Thudichum.) 

Acid salt. — A hot dilute solution of leucic acid decomposes recently- 
precipitated carbonate of silver with effervescence. The excess of 
carbonate of silver and the undissolved portion of the leucate become 
blackish- grey, but the acid is not entirely neutralised. The hot filtrate 
forms no deposit on cooling. The attempt to evaporate it over the 
water-bath produces a black precipitate of reduced silver. It must, 
therefore, be evaporated in vacuo over oil of vitriol. After prolonged 
standing, a few crystals, of a glassy lustre and appearing under the 
microscope as groups of rhombic plates, arc deposited at the margin of 
the dish. The liquid then becomes covered with a pellicle, and evapo- 
ration is impeded. At a later stage, conglomerates of needles are 
deposited, which, when carefully dried over sulphuric acid in vacuo, 
appear a little blackened, like most silver-salts, but are not decom- 
posed. Silver by analysis 2G*97 p. c. ; the formula requires 29T p. c. 
(Thudichum.) 

Leucic acid is soluble in alcohol and in ether. (Strecker, Thudichum, 
Waage.) f. 
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Appendix to Compounds containing 24 atoms of Carbon. 

Panaquiione. 

S. GrAPPiQiTES. Am. Pham. 90, 231; Pharm. Ccntr. 185:1, 721; 

J.pr. Chon. G3, 97. 

Occurrence. In the root of American ginger, Panax quinquefolm. 

Preparation. The aqueous infusion of the root precipitated in the 
cold is freed from albumin by heating ; the filtrate is evaporated to a 
syrup, and precipitated with a strong solution of sulphate of soda ; and 
the brown, glutinous precipitate is washed with the same solution and 
heated with absolute alcohol. Panaquiione then dissolves, remains 
behind when the alcohol is distilled off, and may be purified by solution 
in water, treatment with animal charcoal, evaporation, and re-solution 
in absolute alcohol. 

Properties. Amorphous, yellow powder, having a bitter-sweet 
taste. Free from nitrogen. 

Garriques. 


24 C 

a. 

.... 144 . 

... 46-01 .. 

.. 40 C 

b. 

240 .... 45-98 .. 

mean 
at 100°. 
45*94 

25 H 

.... 25 .. 

... 7*98 .. 

.. 42 H 

.. 42 .... 8-04 .. 

8*05 

18 0 

.... 144 .. 

.. 46-01 .. 

.. 30 0 

.. 240 .... 45*98 .. 

46*01 

C 24 H 25 0 18 .... 

313 . 

... 100-00 .. 

... C 40 H 42 O 30 .. 

.. 522 .... 100*00 .. 

100*00 


a. According to Garriques. 


Decompositions. 1 . When heated , it melts, decomposes, and burns 
away without residue. — 2. It dissolves in oil of vitriol , with line 
purple-red colour, and water added to the solution throws down white 
panacone ; hydrochloric and nitric acids , with aid of heat, produce the 
same transformation. In this reaction, carbonic acid is evolved, but 
no sugar is formed : 

C9*H»0» = C 22 H 19 0 8 + 2C0 2 + 6 HO (Garriques), 

Combinations. Panaquiione dissolves readily in water. The solution 
is not precipitated by acids, mercuric chloride, or bichloride of plantinum ; 
it is coloured brown by alkalis. 

Panaquiione dissolves easily in alcohol, but is insoluble in ether. 
From its aqueous solution it is precipitated by tannic acid. 


Panacone. 

(humiQTJES. Ann. Pharm. 90, 233; J.pr. Chem. 63, 97; Pharm. Centr. 
1854, 321. 

Formation and Preparation. When panaquiione is dissolved in oil 
of vitriol, or when its aqueous solution is heated with hydrochloric- or 
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nitric acid, it is resolved into panacone, which separates out, and 
carbonic acid and water ; 


C 24 H 25 0 ls = CWHMO 8 + 2C0 2 + 6110 (Garriques.) 


Properties . White tasteless powder, composed of microscopic 

crystals. 


Calculation according to Garriques. Garriques. 


22 C 

.... 132 . 

... 61*43 ... 

59*22 . 

... 61-06 

19 H 

.... 19 . 

... 8-83 .... 

8-93 . 

... 8-85 

8 0 

.... 64 . 

... 29-74 ... 

31-85 . 

... 30-09 

C-H 19 0 8 .... 

.... 215 . 

... 100-00 ... 

100-00 . 

... 100 00 


The formula, which does not accord with the principles of this Work, may perhaps 
be made correct by doubling (Kr.). 


Panacone melts when heated , and burns with flame. — Hot con- 
centrated nitric acid converts it into oxalic acid. 

It is insoluble in water, dissolves, with purple colour, in oil of vitriol, 
and is precipitated therefrom by water. — • It is not altered by alkalis . 
— It is soluble in alcohol , but insoluble in ether . 


Carbo-hydrates or Sacoharoidal Substances- 

The bodies belonging to this group cannot, with certainty, be arranged in the gene- 
ral system. The order, in which they are here described, is such that a compound, 
in which (independently of crystallisation-water) the sum of the hydrogen and 
oxygen-atoms is expressed by a smaller number, takes precedence of one in which 
that sum is larger. The compounds derived from these carbo-hydrates (mannitan, 
xyloidin, sulphosaccharic acid, &c.), are likewise arranged independently of the nucleus- 
system, being placed immediately after the primary compound. Moreover, as the 
compounds containing 12 atoms of carbon have already been described (vol. xi.), it is a 
matter of necessity to treat all carbo -hydrates in connection with the 24-carbon com- 
pounds, without entering upon the question whether their molecule really contains 12 
or 24 at. C. (Kr.). 


Carlo -hydrates G 12 H 6 0 6 - 

PhlGroglucin, 

0 12 H 6 0 G or C M HW 

IIuAsrwETZ. Wien. Ahad. Per. 17, 382. J. pr. Chen. 67, 105 ; 
abstr. Ann. Pharm. 9G, 118; Chem . Gaz. 1856, 81; Lieb. Kopp. 
Jahresber. 1855, 700. — Wien. Ahad. Per. 36, 401 ; Ann. Pharm. 
112, 96; J. pr. Chem. 78, 257; abstr. Chem. Centr. 1860,132; Pep. 
Chim. pure, 2, 139; Kopp 7 s Jahresber. 1859, 524. — Wien. Ahad. 
Per. 43, 451; Ann . Pharm. 119, 199; Pep. Chim. pure , 1861, 
459. 

VOL. XV. V 
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CARBO-HYDRATES C“H«0«*. 


Formation. 1. Phloretin boiled with potash-ley is resolved into 
phloretic acid and phloroglucin. — 2. (Quercetin, under the same cir- 
cumstances, is resolved into quercotic acid and phloroglucin : 

C 30 H lc O 20 + 2HO = C 21 H l2 0 1G + C l9 H 6 0®. 

Preparation . 1. See xii, 307. The mixture of phlorogluoin and 

carbonate of potash obtained as there described (whence alcohol doc* not 
extract any phloroglucin) from which all the phlorctate of potash has boon 
extracted by alcohol, is dissolved in water ; dilute sulphuric acid is 
added in slight excess ; and the mass is evaporated to dryness over 
the water-bath, and then well boiled with alcohol (better with ether- 
alcohol). The alcohol is distilled off and the residue left to crystallise, 
whereby strongly-coloured crystals arc obtained, the mother-liquor 
also yielding an additional quantity. They arc dissolved in water, 
and the solution is mixed with acetate of lead (which produces no 
precipitate), and saturated with sulphuretted hydrogen, the pre- 
cipitated sulphide of lead carrying down nearly the whole of the 
colouring matter, so that the crystals which afterwards separate have 
only a yellowish tint. By rccrystallisation from ether and afterwards 
from water, they may be obtained quite colourless, 

2. Quercetin is added to a hot concentrated solution of 8 pts. 
hydrate of potash, the liquid evaporated down at the boiling heat, 
and the residue further heated, till a sample of it taken out no longer 
yields a flocculent precipitate with hydrochloric acid, and quickly 
assumes a deep red colour when dissolved in water. The whole is 
then immediately dissolved in water, the solution which instantly 
turns red is neutralised with hydrochloric acid, and the flocks (of 
alpha- quercetin and undecomposed quercetin) which are deposited from 
the liquid on standing and cooling, are separated by filtration. The 
filtrate is evaporated to dryness, the residue exhausted with alcohol ; 
the alcohol distilled off from the brown tincture; the residue dissolved 
in water, and mixed with acetate of lead, whereby quorcetate of lead 
is precipitated, while piorogiucin remains in solution. The latter is 
obtained in the crystalline state by removing the lead from the filtrate 
with sulphuretted' hydrogen and quickly evaporating, and is purified by 
recrystallisation with help of animal charcoal. 

Properties. Phloroglucin separates from absolute ether in anhydrous 
crystals (see hydrated phloroglucin). It is sweeter than common sugar. 
Neutral, Permanent in the ah at ordinary temperatures and at lOO", 
Melts at about 220°, Sublimes partially without particular odour, and 
solidifies on cooling. 

Illasiwetz. 
mean . 


Anhydrous at 100° 


a. 

b. 

12 C 

.... 72 .... 

57-13 ... 

57-00 

.... 56-93 

6 H ........ 

.... 6 .... 

4-7G ... 

5-08 

.... 4*98 

6 0 

.... 48 .... 

38-11 .... 

37-92 

.... 38-09 

C 12 H 6 0 G .... 

.... 126 .... : 

LOG'QO .... 

100-00 

.... 100-00 


a. Prepared from phloretin; b. from quercetin. 

Decompositions. Ammoniacal phloroglucin shaken up with air, 
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becomes reel-brown and afterwards opaque. — In a concentrated 
aqueous solution it is converted by bromine into terbr omo-plilor o giucin , 
which immediately separates in the crystalline form, the liquid becoming 
hot, and emitting a highly tear-exciting odour. With hot hydrochloric 
acid it assumes a reddish yellow colour. — Nitric acid dissolves it with 
brown colour, and converts it into nitrophloroglucin (p. 68). — Ammonia 
converts it into phloramine C 12 H 7 N0 4 (p. 60).— -It reduces an alkaline 
solution of cupric oxide , like grape-sugar. It reduces mercurous nitrate 
when heated with it, and likewise nitrate of silver , with peculiar quick- 
ness, on addition of ammonia. — With chloride of acetyl , chloride of 
benzoyl , &c., it forms substitution-products (p 71). 

Combinations : With Water. — A. Hydrated Pliloroglucin. Hard 
crystals belonging to the right prismatic or rhombic system, which by 
slow evaporation are obtained of the size of peas, with irregular pris- 
matic faces. It grates betwen the teeth. It effloresces in warm air, 
and in vacuo, or more quickly at 90°, giving off 22*25 to 22*47 p. c. : 
water of crystallisation (calc. 4 at = 22*22 p. c.), and being thereby 
converted into anhydrous pliloroglucin. 

Hlasiwetz. 

Hydrated. mean. 

12 C 72 .... 44*44 44*45 

10 H 10 .... 6*18 6*29 

10 0 80 -• 49<38 49*26 

C 12 H 6 O r ' + 4 Aq 162 .... 100*00 100*00 

B. Aqueous. — Pliloroglucin dissolves in water, and separates 
from the solution in the form of hydate. 

It is not altered by cold hydrochloric acid. Not precipitated by any 
metallic salt , excepting basic acetate of lead. It is coloured deep violet- 
red by ferric chloride , and produces with solution of chloride of lime , a 
reddish yellow colour, which soon disappears. 

Phloroglucin withPptash. — The solution of pliloroglucin in carbonate 
of potash leaves, when evaporated to dryness, a residue, from which 
alcohol and ether scarcely take np any phloroglucin, and less, the more 
nearly they are anhydrous. The alcoholic extract obtained by boiling 
decomposed phlorctin with potash is always turbid, and deposits after 
some hours, red-brown drops of the compound of phloroglucin with 
potash (Hlasiwetz, Wien. Akad. Ber. 24, 269). 

Phloroglucin until Oxide of Lead. — Aqueous phloroglucin is precipitated 
with an insufficient quantity of basic acetate of lead, and the white pre- 
cipitate is washed several times with water, pressed between paper, then 
dried in vacuo, and finally at 100°. — It does not turn red on drying. 

Hlasiwetz. 


12 C 72 .... 12*41 .... 12*79 

G H , 6 .... 1*03 .... 1*13 

6 O 48 .... 8*59 .... 8*48 

4 PbO ; 446 .... 77*97 .... 77*60 


C 12 H 6 0 6 ,4Pb0 , 572 * .... 100*00 .... 100*00 


Phloroglucin is soluble in alcohol , and still more so in ether. * 

f 2 
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Terbromophloroglucin. 

C 1! IMP0 5 . 


Hlasiwetz. Wien, Akad. Ber. 17, 391. 

Formation . (p. G 7) 

Preparation. Bromine is dropped into concentrated aquetms-phlo- 
roglncin till the colour of tlie bromine is no longer destroyed, and the 
liquid has solidified to a crystalline pulp ; this product is collected 
on a filter, washed with cold water, and recrystallised from boiling 
water with help of animal charcoal. 

Properties. See Hydrated Terbromophloroglucin. This Compound glVCS 
off 12*92 p.c. water (calc. G at. = 12*94) and then easily falls to powder. 


12 C 

Dried. 
72 

.... 19*83 . 

IIlasiwetz. 

mean. 

20*03 

3 Br 

240 

.... 66*11 . 

66*07 

3 H 

3 

.... 0*82 . 

1*37 

6 0 

43 

.... 13*24 . 

12-53 

C 12 H 3 Br30 6 .. 

363 

.... 100*00 . 

100*00 


Appears to be partly decomposed by boiling with water. 

Combinations. With Water.— A. Hydrated Terbromophloroglucin . 
Crystallises from water in long needles (mostly brownish), from alco- 
hol in concentrically united prisms, which give off their water in warm 
air or at 100°, and are reduced to anhydrous terbromopliloroglucin. 





Hlasiwetz. 

Crystals. 



meari. 

12 C 

72 . 

... 17*26 . 

17*44 

3 Br 

.... 240 . 

... 57*31 . 


9 H 

.... 9 . 

... 2*15 . 

2*27 

12 0 

.... 9G 

... 23*28 

...... 23*04 

C^B^QG + GAq .... 

417 . 

... 100*00 

100*00 


B. Aqueous . — Terbromophloroglucin dissolves very slightly in cold, 
more freely in boiling water. 

It is dissolved, with brown colour, by alkalis and their carbonates . 

It dissolves very readily in alcohol . 


Nitrophloroglucin. 

C 12 NH 5 0 10 = C 12 XII 5 0 6 . 

Hlasiwetz & Peatjndler. Ann. Pharm. Ill, 199. 

Nitric acid acts violently on phloroglucin, even in the cold, and forms, with great 
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evolution of heat, a blood-red solution which gives off a large quantity of gas and be- 
comes lighter, oxalic acid being formed in it. When phloroglucin is added by 
small quantities to somewhat dilute nitric acid moderately heated and 
kept at a uniform temperature, a deep red solution is formed, which 
deposits small nodules. These are purified by recrystallisation from 
hot water. 

Reddish yellow shining scales and laminrn, having a slightly bitter 
taste. They are sparingly soluble in water, but colour it yellow. 

Illasiwetz & Pfaundler. 


12 C 

... 72 . 

... 42*10 ... 

42*04 

N 

... 14 . 

... 8*18 

8*36 

5 H 

... 5 . 

... 2*92 ... 

3*24 

10 O 

... 80 . 

... 46*80 

4G*36 

C 12 XH s O G 

... 171 . 

... 100*00 

100*00 


Phloramine. 

0 1J NII’0 4 = C“AdIi s 0 4 ,lF ? 

Hlasiwetz & Pfaundler. Wien. Abaci. Ber. 43, 451 ; Ann. Pharm. 

119, 202 ; abstr. Chem. Centr. 1861, 610. 

Phlorogducin, over which dry ammonia gas is passed, absorbs large 
quantities of it, and melts ; and if, as soon as the formation of water 
has ceased, the resulting crystalline mass is dissolved in warm water, 
crystals of phloramine are obtained. — The brown solution of phloro- 
glucin in 5 pts. warm aqueous ammonia, deposits, after standing for 
some time, crystals which must be purified by recrystaUisation from 
warm water, and dried as quickly as possible in vacuo over oil of 
vitriol. 

Properties . Thin, delicate, micaceous laminae, which separate from 
the filter in the form of a film having a silky lustre. Taste, slightly 
astringent. Permanent in dry air. 




Hlasiwetz & Pfaundler. 


Over oil of vitriol . 

mean. 

12 C 

72 

.... 57*60 

57*39 

N 

14 

.... 1 1*20 

11*37 

7 H 


.... 5*60 

........ 5*78 

4 0 

32 

.... 23*60 

25*46 

C la NH 7 0 4 

125 

.... 100*00 

100*00 


Decompositions . 1. Phloramine heated over the water-bath acquires 

a lemon-yellow and ultimately a dirty brown colour, losing weight at 
the same time and becoming insoluble in water. After 6 hours drying, the loss 
amounts to 6 p. c . ; after 3 hours drying, the product contains 59*82 p. c. C., 5*82 H. j 
after 4 hours, 60*73 C., 5*77 H. ; after 6 hours, 61*38 p. c. C. f 5*70 H., and 11*90 N., 
and therefore differs from phloramine by containing between and 1 at. less water. — 
2. Phloramine either moist or dissolved in water turns brown when ex- 
posed to the air. — 3. Fuming nitric add acts violently on phloramine, 
producing a yellowish-red solution from which dark brown crystals sepa- 
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rate, probably a nifcro-compomicl. The same crystals are produced when 
nitrate of phloramine is kept in the moist state. — 4. When phlovamino 
is heated over the water-bath with oil of vitriol, a conjugated, sulphuric 
acid is formed, whose baryta-salt crystallises in needles. This baryta- 
salt and the solution obtained by heating phloramine with oil of vitriol, 
diluting, neutralising with carbonate of baryta, boiling and tillering, 
acquires a tine violet colour on addition of sesquiohlnride of iron, even 
if the liquid is very dilute, just as tyrosine (xiii. 358) does when simi- 
larly treated. — 5. By chlorate of potash and hydrochloric acid, phloramine 
is converted into a dark brown resin which gradually becomes lighter 
in colour, and when distilled, gives off a small quantity of oil having an 
intensely strong odour (perhaps chlorinated acetone), and leaves a resin. 

Bo ehloranil is formed in this reaction (). When ammoniacal pllloroglucin 

is exposed to the air, the phloramine formed in the first instance dis- 
appears, and the liquid dries up to a black shining brittle mass, which 
dissolves in aqueous ammonia and is thrown down by acids as a black- 
brown precipitate. This precipitate, after being washed, dried, again washed with 
warm water, and again dried, resembles pulverised glance-coal, and, though not of per- 
fectly uniform composition, contains, on the average, 59'G p.c. C,, 4*4 II., and 4*2 N. 
Perhaps, therefore, C 36 NH 1S 0 4 (calc, 60*5 C., 4*2 H., 3*9 N.), formed from 3 at phloro- 
glucin, 1 at. ammonia, and 2 at. oxygen, with elimination of 6 at. water — 7. By 
aqueous alkalis, phloramine is coloured dark and decomposed. — 8. It 
does not reduce silver from its solution when heated therewith. 

Combinations. Phloramine is sparingly soluble in cold water. The 
solution does not colour sesquichloride of iron , or form a precipitate with 
neutral acetate of lead or nitrate of silver. 

It unites with acids, forming salts which crystallise well, and are all 
soluble in alcohol. 

Sulphate of Phloramine. — A solution of phloramine in dilute sulphu- 
ric [acid yields by spontaneous evaporation, long, yellowish, brittle 
needles, which, when heated over the water-bath, acquire a bright 
yellow colour and give off 9*38 p.c. water (2 at. = 9*37 p.c.) 

Dried. Illasiwetz & Pfaundler,. 

C 12 NH 7 0 4 ,H0 134 .... 77*01 

SO 3 40 .... 22*99 .... 22*80 

C 12 N B 7 O 4 , S O 3 , II O 174 .... 100*00 

Hlasiwetz doubles the formula, in accordance with the bibasicity of sulphuric acid. 

Hydrochlorate of Phloramine. — Phloramine, on which strong hydro- 
chloric acid is poured, crumbles to a sandy powder, which dissolves when 
heated, and . separates on cooling in yellow shining laminas, perhaps 
consisting of the anhydrous salt. After solution in water, white 
needles and laminae are slowly obtained, which turn yellow at 100° and 
give off 10*1 C p.c. water (2 at. = 10-02 p.c.) 

Dried . Blasiwete & Pfaundler. 


12 c 

... 72‘0 

.... 44*58 ... 

.... 44*78 

N 

... 14*0 

.... 8*67 


8 H 

... 8*0 

.... 4*95 ... 

.... 4*98 

40 

... 32*0 

.... 19*82 


Cl 

... 35*5 

.... 21*98 .... 

.... 21*64 

C 12 NH 7 0 4 ,HC1 .... 

... 161*5 

.... 100*00 
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Nitrate of Phloramine. — Phloramine dissolves rapidly in warm mode- 
rately concentrated nitric acid, tile solution yielding the salt in shining 
bronze- coloured laminae and needles. (Decompositions p. 70.) 



at 100° 

Hlasiwetz & Pfaundler. 

12 C 

72 ... 

. 38*29 .... 

38*23 

2 N 

28 ... 

. 14*89 .... 

14*59 

8 II 

8 ... 

. 4*25 ... 

4*67 

10 0 

80 ... 

. 42*57 .... 

42*51 

C 1 -NH70SNO s ,HO .. 

188 

.. 100*00 ... 

100*00 


Acetate of Phloramine. — The solution of phloramine in glacial acetic 
acid dries up to a yellow varnish without forming crystals. When 
water is poured upon it, there remains a yellow powder which when 
heated partly melts to a resin and partly dissolves. 

Oxalate of Phloramine crystallises. 

Phloramine dissolves readily in alcohol , but is insoluble in ether. 


Acetyl-pMorogliicin. 

C 2i II 12 0 12 = 3C 4 H 3 0 3 ,C 12 Ii 3 0 s . 

Hlasiwetz & Pfaundler. Ann Pharm. 110, 201. 

Chloride of acetyl (ix. 191) acts on phloroglucin even at mean 
temperatures, and at higher temperatures converts it, with evolu- 
tion of hydrochloric acid, into a white crystalline mass, which, after the 
excess of chloride of acetyl has been expelled, may be recrystallised 
from alcohol. 

Small colourless prisms which give off acetic acid when heated. 
Insoluble in water. 


Hlasiwetz & Pfaundler. 


24 C 

144 

.... 57*14 ... 

mean. 
56*78 

12 H 

12 

.... 4*76 ... 

4*97 

12 0 

96 

.... 38*10 .... 

38*25 

C^CWEPO^BW ... 

252 

.... 100*00 ... 

100*00 


So according to the analogy of benzoylphloroglucin. — Analysis gives no means of 
determining whether 1, 2, or 3 at. acetyl have entered into the phloroglacin in place of 
hydrogen, inasmuch as all three products would have the same percentage composition. 
(Hlasiwetz), 


Benzoyl-phlorogluciii. 

C“H 1B O u = 3C 14 II 5 0 3 ,C 12 H 3 0 3 . 

Hlasiwetz & Pfaundler. Ann. Pharm . 119, 201. 

Produced by the action of chloride of benzoyl on phloroglucin, and 
purified by boiling with alcohol, in which it is nearly insoluble. Small, 
white, shining scales. 
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Hlasiivetz & Pfaundler. 


54 C 

324 

... 73-97 ... 

73*59 

18 H 

18 .. 

... 4*11 

4-31 

12 0 

90 . 

... 22-02 ... 

.... 22-10 

C ,2 (C 1< H s O J ) 3 H :, O r ' 

438 . 

... 100-00 ... 

100-00 


Carbo-hydrates (J l »l L l 0 O 10 . 

Starch. 

0 l2 ir o 0 10 or C 3 i Il 20 O 20 . 


Kirciiiioff. (1811.) Scho. 4, 112. — 14, 388; Scher. N. BL 1, 144. 
Sciierer. Scher. JSF. BL 1, 134. 

Gehlen, Sclav. 5, 32. 
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Compt. rend. 14, 533; Ann. Pharm. 30, 95 ; J. pr. Glim. 17, 185. — 

Comp. rend. 18, 240. — 23, 337. — 25, 147.— 48, 67;' abstr. Chim. 
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P/i?/s. 61, 355.— M. Ann. Sc. nat. Bot. 10, 58, 65, 8, 161; Ann. 
Chim. Plays. 65, 225 ; abstr. J.pr. Chem. 14, 05. 

Payen & Persoz. J. Chim. med. 9, 582.— Ann, Chim. Phys. 56, 837; 

J. pr. Chem . 4, 288 ; abstr. Pogg. 37, 128. 

Chevreul. Inst. 62, 256 ; abstr. Pogg. 32, 898. 

Dumas. Inst. 10, 82 ; abstr. Pogg. S7, 174.— Traits de Cldmie appliques 
aux arts , 6, 81. — Ann. des Sc. natur. 1839. 

Biot & Persoz. Ann, Chim, Phys. 52, 72 ; Sclav. 68, 163 ; abstr, Pogg. 

32, 160; Ann. Pharm. 6, 209. " 

Guerik-Varry. Ami, Chim. Phys. 56, 225 ; J. pr. Chem. 3, 829 ; 
abstr. Ann. Pharm. 13, 71; Pogg. 37, 118.— Ann. Chim. Phys , 57, ? 
108. — Ann. Chim. Phys. 60, 32: abstr. Ann, Pharm, 17, 26;' Por/q. 
37, 141.— Ann. Chim. Phys . 61, 66 ; J.pr . Chem. 7, 205. 

Fritzche. Pogg. 32, 128. 

Muller. J. pr. Chem. 15, 299. 

Brunner. Pogg. 34,. 3 19. 

Poggendorff. Pogg. 37, 114, 
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MiisciiEiincu. Pocjrj. 55, 22 1 ; iv. A?m. Chim. Phys. 7, 27. 



STARCH. 


73 


Biot. N. Am. Ohm. Phys. 11, 100; Inst . 3, 13. 
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v. Kalinowsky. J. pr, Chem. 35, 193. 

Feiiling. Ann. Pharm. 55, 13. 

Schwarz. Ann. Pharm. 70, 55. 

Balling. Gahrungschemic , Pray. 1845, 2, 11. 

Schleiden. Grundzuge der wissenseh. Pot. Leipzig, 1849, 1, 176. 

J. Dean. Value of different hinds of prepared vegetable food. Cambridge, 
U.S., 1354. 

Beciiamp. Compt. rend. 39, 653 ; Inst. 1854, 338 ; J. pr. Chem. 64, 38 ; 
Pharm. Centrbl. 1854, 863. — • Compt. rend. 42, 1210 ; JSf. Ann. Chim. 
Phys. 48, 458 ; abstr. Inst. 1856, 234 ; Ann . Pharm . 100, 364 ; J. pr. 
Chem. 69, 447. 

Nageli. Flora , 1856, No. 38 — 41 ; abstr. Pharm. Vierteljahr. 6, 256. 

• — Die Starhmehlkorner, 1858. 

Trecul. Compt. rend. 47, 685 & 782 ; Inst. 1858, 358. 

Niepce & Corvisaet. Compt. rend . 49, 368 ; Inst. 1859, 287 ; abstr. 
Ann. Pharm. 113, 112. 

Memoirs especially relating to Iodide of Starch. 

Colin & Gaultier be Claubey. Ann Chim. 90, 93 ; Sclav. 13, 453 ; 
Cilb. 48, 298. 

Stroke yer. Glib. 49, 146. 

Brugnatelli. Ann. Chim. Phys. 4, 384. 

Giesecke. Sclav. 43, 367. 

Payen. J. Chim. mcd. 8, 513. — 9, 449; Ann. Chim . Phys. 53, 109; 

Pogg. 39, 024 ; Sclav. 69, 85. — J. Chim. mcd. 9, 648 k> 705. — 14, 269. 
Lang lois. J. Pharm. 20, 576. 

Jacquelain. Ann. Chim, Phys . 73, 196. 

Pelletier. Bull. Pharm. 6, 288. 

Blondlot. N. Ann Chim. Phys. 43, 225 ; N. J. Pharm. 28, 45. 
Beciiamp. N. J. Pharm. 27, 406,™ 28, 303. 

Pisani. Compt. rend. 43, 1118; J. pr. Chem. 70, 382. 

Memoirs relating especially to soluble starch. 

Masoitke. J. pr. Chem. 56. 409; Pharm. Centrbl. 1852, 609; J. pr. 

Chem. 61, 1 ; Pharm. Centrbl. 1854, 337; iV. J. Pharm. 25, 237. 
Beciiamp. See above. 

Starke, Satzmehl, Krafimehl s Amy him, Amidon , Mature armjlaUe* — KllOWll 
to the ancients ; prepared from wheat, especially in Crete and in Egypt; 
according to Dioscorides, it was called tlyvXov by the Greeks, because it 
could be obtained without grinding with mill-stones. It was first 
separated from flour by Beccari, in 1745. 

Sources. Starch is very widely diffused in the vegetable kingdom. 
It occurs in variable quantity, for a time, at least, in every plant that 
has been examined. It is especially abundant in certain families of 
plants, and occurs in very large quantity in certain organs, especially 
in the albumen of the seeds (not in those of acotyledons : Wahlenberg 
N. Gehl. 81, 108), in the cotyledons of the embryo; in the pith of the 
stem and stalks; in bulbs, tubers, rhizomes, and roots ; also in the bark 
and splint of trees in the winter-season ; sometimes in the flowers. It 



74 


CARBO-HYDRATES OT0OT®. 


is enclosed in vegetable cells, which it often fills completely, or is scat- 
tered therein in granules, but is never attached to the cell-walls (.Pay on 
Convpt. rend. 18, 240) ; according to Turpin, on the contrary, the starch, 
granules are attached by their Mlwm to the wall of the coll Starch 
may occur in the cells of all organs of the greater number of plants, 
but not in the youngest cellular tissue, which is composed of nitro- 
genous matter and cellulose; thus, it docs not occur in the spongioles 
of the roots, the youngest leaf-1 mds, or the youngest forms of the 
flower, in the interior of the unimpreguated ovary, in the epidermis and 
cells lying immediately under it, or in the vessels and intercellular 
passages. (Paycn.) 

YVoody plants, which are green in summer, contain in. spring, before 
the commencement of vegetation, granular starch, wliicli, as the sap 
begins to move, is gradually dissolved from without, inwards. It is 
distributed through all parts of the stem, both above and below the 
surface of the ground, in the cells of the parenchyma and proscnchyma, 
being most abundant in the underground wood, less in the stern- wood, 
least in the branch and twig- wood ; but in Fagas Sylvatica and Carpinus 
betulus, it is most abundant in the cells of the medullary rays of the 
youngest shoots. (Hartig, J. pr . Chem. 5, 217 ; see also, YVahlenberg, 
JST. Geld 8, 108 ; Robert, J, Pharm. 4, 545 ; Ilunefeld, J. Pharm . 16, 0(54.) 

Starch has been found and partially examined in the following 
plants, among others: in some Conferva (Mohl, Meyer) ; in some Ohara , 
but not in all; in the stalks of Lycopodiacete (not in the seeds: Schleiden), 
in the cellular tissue of the stem and branches of some Ehisocmpm ; 
in the leaf-buds of Marchantia and Lmmlaria (Vogel, Linncca , 15, 59 ; 
J. pr. Chem, 25, 382). — In the roots of Arctium Lappa, Atropa Bella - 
donna, Polygonum Bistorta , Spircea filipendula , Scrophulana nodosa, 
Sambucus Ebulus , and S. nigra , Imperitona Ostrutlmm , Bunhim Bulbo- 
castanum , Orobus tnberosus, several species of Eumex , Jlyoscyamus niger 
(Parmentier) ; Convolvulus Jcdappa and C. Turpethmn , Bhcumpalnudmn , and 
E. rhaponticum , Pceonia officinalis, Valeriana officinalis , Aristoloehia Clema - 
Btis , and A. Serpentaria, Polypodium Filic mas, Geum uvbanuw , Alpinia, 
Galanga , Fragaria vesca , Nymplum alba , Brassim lYapus, Lauras Sassafras, 
Apiwn Petroselinum , TJrtica didica, Fattens Curota [according to 
0. Schmidt (Ann. Pharm . 83, 320), it is not found in this plant, but 
according to Wittstcin (Pharm. Vierteljakr. 2, 122) it is], fropmolum 
majus (not in the roots, but in the stem, leaf-stalks and seeds ; ILiine- 
feld), in various species of Eumex , Malm sylmtris , Glyeyrrhiza glabra , 
Cochleana armoracia (not in the seeds, Ilunefeld). Alihan officinalis , 
Ononis spinosa , Humulus Lupulus (Robert, J. Pharm. 4, 542) ; of Asclepias 
syriaca (not in the part of the plant growing above ground), abundantly 
in the roots of Triglochin mantimum , of various species of PUmtago , in 
OrcJiidacece, Iridacece, Eanunculacece ; sparingly in the several species of 
Eumex, not at all in the roots of Syngenesim and Teinuhjnamw (Ilunefeld) ; 
of Cephalis Ipecacuanha (Willigk, Wien. Ahad. Ber. 5, 190), Bryonia alba, 
(P armentier, Riegel, Jahrb. pr. Pharm. 6, 35), Cocculus palmatus, Pas- 
tin aca satiua (Payen) ; of various species of Arum, Callodium Succulen - 
turn, various species of Jatropka (Ricord, Madianna, J. Plum. 10, 313 ; 
Sclav. 59, 247); of Smilax Sarsaparilla, Baucus Carota (Schleiden.) In 
the tubers of Solanum tuberosum, of Orclddacece, of Aponogeton, (Payen) 
of Ipomcea Batatas and L opermlata (Buchner, Eepert. 31,' 393), Oxalis 
arenata (Payen). — In the root-stocks of Maranta arundituicea and 
M. indict of various species of Ganna (Payen, Fritzschc, Schleiden, 
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Ilicord, Madianna); Zea Mais (Payen, Sehleiden); Zinziheracece and 
Fiasco row (Bicord, Madianna, Schlciden) ; Ilcdychium (Fritzsche) ; Vera- 
irum album , Acorns Calamus , Irk germanica (Robert) ; Curcuma an - 
gusti folia (Guibourt) ; Curcuma Imcorrhiza , Car ex arenana , Anatherum 
Iwarancusa , Iridaca r, Iat.hr am squamaria (Schlciden). — In the nodular 
roots of Fkaria verm (Sclileidcn). — In the bulbs of Liliacece and 
Cokhiacm (Schlciden). — In the stalk of Benihardia dichotoma 
(Schlciden) ; in the wood-stem of A esculus Ilippocastcmum, Carpims 
Betukis, and various species of Populus , Salix and Tilia, amounting' to 
between 5 and 20 per cent, of the wood (Ilartig, vid. sup.) ; in the 
wood-stem of Cycadea 3 and species of Bogus (Payen, Guibourt, Schlei- 
den), G cetacea', (Payen), Blelia Tanker cilia?, Dieffenbachia seguine 
(Schlciden), Anmdo saccharifera , Fhcmix jaranifera (Guibourt). — In 
the bark of Aylantkus glandulosa (Scldeiden), sparingly in the bark of 
Firms sylvestm , Pojmks nigra , Lamm Massey , Geoffrey a surinamensis and 
G. Jamaicensis , Drimys Winteri (Hiinefeld). — In the thickened paren- 
chyma of the leaves of Marallia (Sehleiden). — In the green parts of 
Chenopodium ambrosmdes, Achillea millefolium, Galeopsis officinalis , Tcu~ 
criimi marum, Atropa Belladonna, Calendula officinalis (Hiinefeld). — In 
the fl o wer s (not in white flowers) of Tropmhm magus, Helianthus animus, 
Oenothera grandiflora, Potentilla punicn, Seliopsis , Tagetes erecta . (Hiine- 
feld, J. pr. Chem. 10, 87). — In nnripe apples and pears Dobereiner, 
I. pr. Chem. 28, 107; Payen, Compt. rend . 53, 813). The existence of 
starch in unripe fruits has been denied by some authors ; but, according to Payen, it 
may always be found in unripe fruits having an acid juice, if the following method of 
observation be adopted : A thin, vertical slice of the fruit is cut, and immediately 
plunged into water, in order to avoid the action of the air on the colouring matter 
contained in it, and to remove from its surface aU those soluble substances which 
might absorb iodine. After this washing, an aqueous solution of iodine, slightly 
alcoholised, is substituted for the water, and the slices are left under the influence of 
this solution for an hour or two. Apples, pears and quinces, which have attained 
to a quarter or half their development, exhibit, when thus treated, the blue or deep 
violet colour which indicates the presence of starch. In the seeds of Gramin- 
acecs (in the cereals, however, only for a short time before and dining 
maturity; Hiinefeld), of Leguminosce, Chenopodiacece , Amaranthacece, 
Caryophyllacea >, Portulacecc (Trecul), of Beta vulgaris (Payen), Momea 
amerimna, Lauras, Melia sempervirens (Ricord), Zea Mais , Oryza sativa 
(Payen, Lassaignc, J. Ohm. med. 22, 4), Alpinaria Cardamomum 
(Sehleiden), Castanea vesca (Blanche di Como , 37*5 p. c. ; B. di Orta , 
38*02; Val Travaglia , 23*0 ; Vallellina, 23*3 p. e.), (Albini, Wien. Akad. 
Bor. 13, 502). A esculus Hippo cask imm (Plandin, Belloc). Theobroma 
Cacao (Lampadius, Buchner, Report. 58, 106); not in the seed of 
Theobroma Cacao (Belcher & Ohevallier, J. Chim . med. 14, 467 ; 
Herzog, N. Bt\ Arch. 06, 21G), in some varieties (Bley, he. cit). In 
Trehala, the exsudate of a species of Eclmiops , probably a native of 
Syria, to the amount of GG*54 per cent., together with trehalose and 
gum. (Guibourt, Compt. rend . 46, 1213.) 

Starch is formed in plants only when the nutriment is in excess, 
and is dissolved and used up at a later stage of the vegetative process, 
when the nutriment becomes deficient (Payen) : it is probably formed 
from vegetable mucus (Schlciden). Before the starch appears in the 
cells, they are filled with a granular or homogenous mass f protoplasma), 
the development of which is slower than that of the cell, so that it 
spreads itself in a layer of varying thickness over the inner surface of 
the cell, enveloping the nucleus perhaps already present, and sometimes 
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spreading in a thread-like form over its surface ; the starch is most 
frequently formed in this protoplasma, more rarely on the surface or 
in the interior of the nucleus, (Trecul, Compt. rend. 4-7, 782.) 

On the quantity of starch in different parts of plants, according- to Knocker (Ann. 
Pharm. 58, 212), see in Gmelin’s Handbuch, Baud VIII, Phytucheviie, s, (572 ; also 
Gerhardt’s Traitb, tom. ii. p. 486. 

2. In the Animal Kingdom . In the spleen, liver, kidneys, mucous 
membrane, bladder, and brain, in variable quantities, sometimes in the 
mucus of tlio branchiae and bladder, in tho urine, in cancerous and 
tuberculous exsudations (Carter, ISf. Ann . Chim. Phys. 50, 358 ; Rep. Ohm . 
j pure, 1, 475). — A substance resembling* starch is found in the epithelial 
cells of the membranes of the amnios and placenta ; in the epidermal 
cells of the skin, gums, and tongue ; in the epithelium of the stomach 
and intestines (Rouget, Compt. rend. 48, 792; Rep. Chim. pure, 1, 395). 
According to Dobson, it occurs in the secretion of the Psylla, an insect 
which lives on the leaves of the Eucalyptus (Trecul, Compt . rend. 47, 
688 ). 

On animal amyloid , a substance nearly resembling starch, sec Handbuch 
Band VIII,' Zoochemie, s. 75 ; the recent observations of Kekule and Pauli t/dey 
(Schmidt's medic. Jahrb. 103, 7 and 10) ; on the (not yet isolated) vegetable amyloid, 
see Vogel & Schleiden. (Fogg. 46, 327). — The liordein or cevadin found by Proust 
(Ann. Chim. Phys. 5, 339) and Bizio, in the grain of barley and in maize, is, according 
to Braconnot (Ann. Chim. Phys. 35, 159) and Guibourt (J. Chim. mad. 5, 158 j 
Schw. 56, 119), a mixture of woody fibre, starch, and nitrogenous matter. 

Preparation . 1 . From Wheat. — Wheat-starch, Weizenstarhnehl, Wei- 
zenstarke , Amidam, Amidone . — Wheat after being softened in cold water, 
is pressed under mill-stones or rollers, or in bags under water, as long 
as milky water runs off from it. This liquid, when left to itself, deposits 
starch containing glutin; the latter, however, dissolves for the most part 
in the supernatant liquid, which gradually turns sour (sour water), and on 
decanting this acid liquid, repeatedly stirring up tho starch with fresh 
water, and leaving it to settle, it is at length obtained pure, and may 
be dried in suitable desiccating chambers. — Wheat-hour is mixed with 
4 to 5 volumes of water, and \ to vol. sour water obtained from 
former operations ; this sets up a fermentation, which, lasts from 2 to 
4 weeks, according to the temperature, and is interrupted as soon as 
the nitrogenised substances are decomposed and dissolved. The 
sediment of starch which remains at the end of a fermentation, is 
repeatedly washed with water, sifted, and dried in dedicating cham- 
bers, — Starch maybe freed from glutin by means of cold, dilute potash- 
ley (Kirchlioff ), or by distilled vinegar (Sanssure), from pieces of fat 
and other matter, by prolonged treatment with cold water, alcohol, or 
ether. 

2. From Potatoes . — Potato -starch, KartojfeUtcirhmchl , Made.— 
Washed and rasped potatoes are drenched in a^sieve with a continued 
stream of cold water, and the milky liquid which runs through is set aside 
for a few minutes, till the heavier impurities have settled down, and 
then left to stand for 3 or 4 hours in another pan. The starch which 
collects at the bottom of the clear liquid is stirred up with water, 
poured through hair sieves, then left to settle, repeatedly washed with 
cold water, and dried, first on plates of gypsum, afterwards in desic- 
cating chambers. The starch thus obtained is purified by successive 
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washing* with the following liquids : — 1. Cold alcohol. — 2. Water. — 

3. Water containing 0*002 p. c. hydrochloric acid. — 4. Water.-— 5. Water 
containing 0*005 p. c. potash. — (5. Water. (Payen). After this treat- 
ment, the starch contains hydrochloric acid (Jacquolain, Gerhardt Traite, 
2, 480), but may bo purified by boiling with alcohol containing 0*1 p. c. 
hydrate of potash, then washing with pure alcohol and with water. 

3. From the root-sprouts of Marcmta indica and M. arundinacea 
American starch, Arrow-root. — Mode of preparation the same as 2. 

4. From the roots of Janipha Manihot . — Tapioca. — The washed and 
bruised roots are pressed in bags under water; the starch which 
separates from the milky liquid is mealy tapioca; after drying upon hot 
plates, it becomes granular tapioca; the portion of the pulp which 
remains after washing and pressing is spread out on iron plates in a 
layer 1 or 2 inches deep, and strongly dried into cakes ; this is Cassava 
bread; when pulverised it forms Manjoh flour , and when again heated 
on iron plates till it swells up ; Mandiohfca. (Sureau, J. Fharm. 20, 622). 

5. From the stems of several species of Bogus and Cycas . — Sago. — The 
starch is washed out of the pith of the stems on sieves in a stream of 
water, then left to settle, washed on cloths or mats, rubbed when 
half dry through metal sieves, and when thus granulated, it is dried at 
about 60° in ovens of peculiar construction. 

6. From Bice. — Rice is heated with weak soda-ley, which dissolves 
the nitrogenous impurities, and leaves pure starch (Lassaigne, J. CMm. 
mid . 22, 4), then with a solution of borax, cream of tartar, or some 
other salts, to facilitate the separation of the starch from glutin. 
(Column, Rep. of pat. inventions , 38, 178.) 

7. From Horse-chestnuts , $c. — The same method as in 2, excepting 
that the starch is likewise well washed with aqueous carbonate of 
soda, to remove the bitter principle (Flandin, Compt. rend. 27, 349), 
or merely with water, like potato-starch (Belloc, Compt . rend. 28, 83). 


J Properties , White shining powder, soft to the touch, grating 
between the fingers or the teeth, sometimes consisting of amorphous 
masses, but more frequently of granules recognisable by the micro- 
scope. — These granules, of various diameter (from to of a line, 
Fkzschc), (from *185 to *002 millimetres, Payen), and form (Payen), 
(mostly egg-shaped, according to Fritzscho & Schleiden), have 
generally a small eccentric nucleus (Fritzsche’s nucleus; SchleideiFs 
central cavity ), surrounded by layers arranged concentrically one over 
the other (Fritzsche, Payen, Schleiden). These envelopes increase by 
the successive deposition of new layers within the old ones (Schlei- 
den), so that each layer is younger and less compactly aggregated 
than the one which immediately surrounds it (Payen) ; and since the 
layers are for the most part of variable thickness, they cause the 
grannie to deviate gradually in form from the originally spherical 
nucleus, (Schleiden.) — According to Maschke, the starch-granules 
appear like bundles of 3 — 6 concentric bladders, with light and dark 
rings, the light rings being formed of insoluble, the dark of soluble, 
starch, and enclosing the central cavity of the innermost bladder, 
which is either empty or filled with liquid amylone. According to Pohl 
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(/. pr. Chem. 83, 35), the stratification of starch-granules is perceptible only when 
they are immersed in water [possibly because the dry starch is not sufficiently trans- 
parent]. 

1. Amorphous Starch , in the albumen of Gardamonmm , in Jamaica 
sarsaparilla root, in the root-stock of Carex arenaria ( Belli oidon ) ; 
dissolved in tbo epidermal cells of Gagea lutea and several species of 
Omithogalum (Sanio & Sclmnclc) ; only partially granular in the root 
of Aristolochia. (Trecul.) 

2. Simple starch-granules. — a. Jloundish. With apparently defi- 
cient nucleus : throughout the vegetable kingdom; with small round 
nucleus and distinct lamination : very crude in the pith of Oycadaceai ; 
egg-shaped in potatoes, in the root-stock of M amnia, Ganna, kc. ; 
conchoidal in the larger Liliacea; with indistinct or del iciont lamina- 
tion, rounded and many-angled, in maize ; sharp-edged, with numerous 
summits, in rice; with elongated nucleus, roundish or egg-shaped, 
and exhibiting a star-shaped crack in the inner layers when dry, in. 
Leguminosce; hollow, apparently cup- shaped, in the root-stock of Ins 
florentma and allied species. — b. Flattened lenticular . With or without 
lamination, the nucleus being central or eccentric, sometimes roundish 
or elongated, or with a star-shaped lissurc, in the cereals. * — c, Flat 
dish-shaped. With distinct lamination : in Zinziberacea ?. — d. Bar- 
shaped. With elongated nucleus : in the milky juice of European and 
of some tropical EuphorUacea. — e. Quite irregular: in the milky juice 
of many tropical Euphorbiacece. (Schlciden.) 

3. Composite granules. — a. The individual granules having no distinct 
nucleus. United by twos, threes, and fours, iu the simplest manner ; 
in the Marantacece ( Arrow-root ), in Marattea , and in the root of Bry- 
onia; — united, for the most part regularly, in groups of 2 — 6 ; in the ' 
root-bark of Sarsaparilla. — b. The individual granules in the groups having 
a distinct nucleus. United in groups of 2 — 4, cells of uniform size, with 
small roundish nucleus : in the root of Janipha Manihot ; with large 
nucleus, split in beautiful stellate form : in Cokhieum bulbs ; composed 
of 2 — 4 apparently cup-shaped nuclei : in the root of Anatherum 
Iwarancusa ; of 2 — 12 granules iu irregular groups : in the tubers of 
Arum Maculatmn. — c. Small granules grouped round a large grain ; in 
the several kinds of sago, (Schlekiem) 

On the structure of starch-grains in arrow-root, Dmcorea alata, Ildianthus 
tuberosus, batatas, potato and Orchidacce, see Payen (J. Chim. mid . 2, 287) ; in wheat, 
arrow-root Jatropha, sago, and OrcMdacece (Giiibourt, /. Chim. mid. 5, 9(J) ; in 
Bryonia (Eiegel, Jahrb , Pharm. 6, 35), in rice (Lassaigne, J, Chim. mid. 22, 4), 
in Anemone nemorasa and Arum maculatum (Enz, Pharm. Vierteljah. 5, 97) ; 
in various plants (Soubeiran, IV. J. Pharm . 25, 89, and 175 ; Field, Pharm . .K Trans. 
14, 253,* Grundy, Pharm. J. Tram. 14, 446; Nageli Ueber die Structure der 
St&rhmehlftorner, 1858) ,* in the Trehala (Guibonrt, Compt. rend. 46, 1215). -*« On the 
structure of starch-granules in the spleen and liver, see Carter, IV. Ann. Chim. Phys. 
56, 368; Rip. Chim. pure , I 475. —On the appearances exhibited by the starch- 
granule when examined by the microscope in polarised light by means of a double 
refracting prism, see Biot, Compt. rend. 5, 905 ; 18, 795. — N. Ann . Chim, Pirns. 
11, 100). 

The following table exhibits the greatest diameter of several kinds 
of starch-granules, according to Payen (N. Am. Sc. nat Botan . 10, 65) : 
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Starch from — Millimetre. 

Largo Rohan potatoes , . . . 0*185 

Mempermum palmatnm (colombo-root) .. .. .. *180 

.Rhizomes of Ganna gigantea . . *175 

Rhizomes of Gamut discolor . . , . . , . . *150 

„ ,, Mamnta arundinacca (arrow-root) . , *140 

Various kinds of potatoes .. .. .. *140 

Bulbs of the lily . . . . , . . . . . . . *115 

Tubers of Omits crenata . . .. .. . . *100 

Stem of a very large EcMnocactus erinaceus (imported) *075 
Sago -070 


Broad beans 
Lentils 

Haricot beans . . . . . . . . . , 

Peas . . . . . . . . , , * 

Grain of White Wheat 

Fresh pith of sago -tree (Cgcadece) 

Hyacinth-bulbs 

Tubers of Spanish potato (. Batatas edidis) 

Corns of Orchis latifolia and bifolia 
Maize (white, yellow, and violet) 

Fruit of Chinese sugar-cane ( Sorghum saccluiratmn) 

Stem of Cactus pernvkmus 

Seeds of Nairn major 

Stem of Cactus pereskia grandiflora 

Seeds of Aponogeton distachyum . . 

Stem of Ginkgo biloba ( Salisburia adianthifolia) . . 


,, Cactus brasilicnsis 
Fruit of Pwvicum italicum . . 

Half-grown seeds of Ndias major 
Pollen of Globba nutans . . 

Stem of Cactus flagelliformis 

„ EcMnocactus erinaceus (grown in hothouse) 

Pollen of Bupia mciritima 
Stem of Opuntia tuna and Ficus inclica 
,, Opuntia curassctvica 

Fruit of Panicum miliacewni (millet) 

Stem of Cactus mammilaria discolor 
Bark of AylantJms glandulosa 
Stem of Cactus serpentums 
Parsneps 

Pollen of Ndias major 
Stem of Cactus monstruosus 
Seeds of beet-root 

„ Chenopodium Quinoa 


*075 

*067 

*063 

*050 

*050 

*045 

*045 

*045 

*045 

*030 

*030 

•030 

•030 

•0225 

*0225 

*022 

*020 

*016 

*016 

*015 

•015 

•012 

*011 

*010 

*010 

*010 

*008 

*008 

*0075 

*0075 

*0075 

*006 

*004 

*002 


The specific gravity of starch is 1*505 at 19*7°. (Payem) — The 
variations in its specific gravity are due to varieties in the structure 
of the starch -granules. (Payen & Chevalier, J. Pharm. 9,187.) — 
It has neither taste nor smell. Potato-starch, not arrow-root starch 
(Fold, J. pm Chem, 83, 40), has a peculiar smell, caused by its contain- 
ing a certain quantity of a volatile oil (Payen, Compt. rend . 23, 489). 
■—Neutral. (Guerin- Varry.) (Potato-starch turns vegetable reds 
blue; Payen), 
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Potato -starch. 


24 C 

20 H 

20 0 

.... 144 .. 

20 .. 

.... 160 .. 

.. 44*44 .... 
.. 6*17 .... 

.. 49*39 

Gudrin-Varry. 
at 100°. ' 

.... 43*G4 

.... 6*2G 

.... 50*10 

Berzelius. 
at 100°. 

.. 44*25 

.. G*67 .... 

.. 49*08 

Mulder. 
at 100°. 

.... 43*80 

.... 0*28 
.... 49*SO 

0HH2OO2O 

.... 324 .. 

. 100*00 

.... 100*00 

.. 100*00 .... 

... 100*00 


Brunner. 

Blondeau. 

Payen, 

Jacquelain, 



in vacuo. 

aHOO 0 . 

at 140°. 


C 

. 44*10 , 

.... 40*05 ... 

43*18 

.... 45*03 

44*17 

H 

. 6-47 . 

.... 6-53 ... 

6*3 0 ..... 

.... 6*37 ... 

6*37 

0 

. 49*43 . 

... 53*42 ... 

50*72 .... 

.... 48‘GO ... 

49*46 


. 100*00 . 

... 100*00 ... 

10*000 .... 

... 100-00 ... 

100*00 


Wheat-starch. 


G.-Luss. & Then. 


Prout. 



Fr. Marceh 

Dean. 

at 100°. 

air-dried. 

o 

o 

1 — 1 

at 160°. 

at 100°. 

at 100°. 

C 43*55 

.. 37*50 

... 42*80 . 

... 44*00 

.... 43'70 ... 

.. 44*04 

H 6*77 

.. 6*94 . 

... 6*35 . 

... 6*20 

.... 6*70 

.. 6*53 

0 ........ 49*68 

.. 55*56 . 

... 50*85 . 

... 49*80 

... 49*60 .. 

.. 49*43j 

100*00 

.. 100*00 . 

... 100*00 . 

... 100*00 

.... 100*00 ... 

100*00 





Arrow-root. 




Prout. 



Payen. 


Dean. 




r "" "" r 

— — 




air -dried. 

at 100°. 

at 80°. 

at 100°. 

at 140°, 

«noo°. 

c . 

.... 36*40 .... 

44*40 . 

... 42*89 

.... 43*69 

.... 43*96 . 

... 43*35 

H 

.... 7*07 .... 

6*18 . 

... 6*35 

.... 6*25 

.... 6*10 . 

... 6*40 

0 

.... 56*53 .... 

49*42 . 

... 50*76 

.... 50*06 

.... 49*94 . 

... 50*25 


100*00 .... 100*00 .... lOO'OO .... 100*00 .... 100*00 .... 100*00 


Make . Tapioca. Saga. Bean- starch. 

Dean. Dean. Dean. Payen. 

at 100°. flHOO 0 . at 100°. a* 80°. 

C 43*73 43*70 43*58 42*55 

H 6*59 ........ G*49 6*31 0*12 

0 49*68 49*81 50T1 51*33 



100*00 .... 

.... 100*00 

100*00 

. 100*00 


Bean-starch. 


Parsnep-starch . 



Payen. 


Payen. 



at 100°, 

at 80°. 

in vacuo, 

at 100°.' 

C 

43*76 .... 

.... 42*93 


. 4*3*80 

H .... . 

6*00 .... 

.... 6*50 

6*30 

. 6*39 

O 

50*24 .... 

.... 50*57 

49-36 

. 49*81 


100*00 

.... 100*00 

100*00 

. 100*00 
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Early formula; for starch : C 14 H 13 0 12 , Berzelius ; C^H^O 17 , Prout ; C 17 H 10 O 10 , 
Guerm-Varry; more recent formulae ; C 12 H 10 O 10 , Mulder; C 12 H 10 O 9 HO, Payen. -~ 
The opinion which was expressed by Leeuwenhoek, as early as 17 1C, as to the difference 
between the envelope of starch -granules and the substance contained within it, was con- 
firmed by lias pail (A 7 Syst. de Chim. ory . 1833), who, however, considered the con- 
tents as chemically different from the envelope of the starch-granules, and as identical 
with gum arabic ; Guibourt (/. Chim.mM. 5, 96) regarded both envelope and contents 
as chemically the same and only differing in their state of aggregation ; he named the 
contents of the granules, which Raspaii had called gum, fccu!c soluble, and supposed it 
to be identical with the substance, called Amidin by Saussure {Ann. Chim. Phys. 11, 
385) and Amidon modifie by Caventou {Ann. Chim. Phys . 31, 337), which is formed, 
according to the latter, when starch is boiled with water, or heated above 100° without 
water. Guerin- Varry nevertheless concluded, from the behaviour of starch with water, 
that it must contain three constituents, and called the portion soluble in cold water 
Amidine, that which is insoluble in boiling water (the envelope) Amidine tegumentaire , 
and that which by itself is insoluble in cold water, but is rendered soluble by the 
amidine, Amidine soluble. According to him, starch consists of 2'96 p.c. amidine 
Ugumentaire, 38*38 amidine soluble, and 58*68 amidine ; the composition of amidine 
Ugumenfaire and of amidine soluble corresponds to the formula C 7 H 5 0 4 , that of 
amidine to the formula C 10 H 5 O c , and hence the composition of starch ( Amidone ), which 
consists of amidine and amidine soluble, must be represented by the formula C J7 H 10 Q 10 
= C 10 II 5 O 6 + C 7 H 5 0 4 . — Payen & Persoz {Ami. Chim . Phys. 56*, 337) regard 
starch {Amidone), excepting the envelope of the granules, amounting to 0*4 — 0‘5 
per cent, as a single substance, and Guerin-Varry's amidine as partially decomposed 
amidone, his amidine soluble as amidone in the free state, and liis amidine tegumen - 
taire as amidone with the envelopes of the granules. Payen (A 7 . Ann. Sc. nat. Bot. 
10, 201) recognises no chemical difference between the envelope and contents of 
starch -granules, and ascribes the different behaviour of the outer and inner layers 
to certain solvents, to the former containing a certain quantity of albumin, fixed 
and volatile oil, lime-salts, and other matters. Wheat-starch contains, according to 
Rousseau {Pogg. 32, 101), 0*005 — 0*006 per cent., and potato -starch 0*001 per cent, 
of a white tallow, easily soluble in alcohol; according to GuGrin-Varry, nothing but 
chlorophyll and wax, and no volatile oil (Potato -fusel-oil), whose existence ready 
formed in the envelopes of the granules was assumed by Payen {Ann. Chim. Phys. 
53, 82; J. Chim. mod. 9, 507). Comp. Dubrunfaut & Beudant. — According to 
RIondeau de Carolles, all the layers of the starch-granule are chemically the same, 
but differ in density. According to Melsens {Inst. 1857, 161), starch probably consists 
of a nitrogenous substance (Dean found in the quoted analyses of various kinds of 
starch 0T0 — 0*25 p. cent, nitrogen) and of a substance allied to cellulose, which 
envelopes the starch strictly so-called; according to N&geli, it consists of two 
distinct compounds, which form a sort of diffusion, and of which he names that 
one which is soluble in saliva granulose , and regards the one which remains! 
undissolved as cellulose / the latter substance is, however, not cellulose according to 
Mohl {Bot* Zeit. 1859, 225 and 233), who doubts the occurrence of this compound 
in starch-granules at all. 

Decompositions. 1. Starcli heated to 160° is changed ( — according to 
Maschke, first into the modification soluble in hot water, then — ) into 
dextrin. (Vauquclin & others). 

It becomes coloured and froths up as the temperature is raised, 
and, if constantly stirred, yields a melted mass, which, at 220°— 230 °, 
consists chiefly of pyrodextrin with a little unaltered and burnt starch. 
(Gel is, N. Ann. Chim. Phys . 52, 388.) Starch dried at 100° remains 
unchanged at 160°, but, when heated for half an hour to 200°, it 
becomes brownish yellow, without appreciable loss of weight (in the 
same way as undried starch at 160°), for the most part soluble in water, 
and its specific gravity rises to 1*555. Air-dried starch, heated in a 
sealed tube to 200° for an hour, or starch heated in the air to 205° - 215°, 
is changed into a transparent, melted mass ; and when in this way the 
maximum degree of solubility in water has been reached, it is entirely 
converted into dextrin. (Payen.) 

VOL, XV. <5 



82 


CARBO-HYDRATES C 12 H 5 * * * * 10 O 10 . 


Air-dried potato-starch, heated in a sealed tube in a water-bath fox* 
a day, shows no outward alteration, hut does not form a paste when 
boiled with water ; and, when this solution is left to stand, the uu dis- 
solved portion soon settles down. The filtered solution treated with 
an equal quantity of alcohol of sp. gr. 0*833, yields a deposit, which, u 
collected after some hours, the spirit being* allowed to drain away 
(while still moist, therefore (Kr.), constitutes Maschke s soluble 
starch: a white, salve-like, sticky mass; easily soluble m cold water, 
and also in dilute spirit. — When this substance is spread upon glass 
plates, and exposed for some hours for the spirit to evaporate, it 
contracts from loss of moisture, and then resembles eoaguua tod albu- 
min (in being* a white, moist, somewhat elastic mass, but not sticky), 
and thereby (or when completely dried, when it has the appearance ol, 
a hard, transparent, yellow gum) loses its solubility in cold 
water, but is still dissolved when boiled with water. (Maschke). 
Air-dried starch, heated for half an hour to 210° — 214° in a sealed 
tube, yields the same soluble starch and dextrin; starch, dried at 
150°, gives scarcely any thing* but dextrin under these circumstances; 
(Maschke.) 

Wheat-starch dried at 100° loses in six hours, at 150° — 17(5°, 2\3 
p. cent, of its weight, and becomes pale yellow ; arrow-root, treated in 
the same way, becomes darker yellow, and loses 1*38 p. cent. (Prout.) — 
Starch, heated somewhat above 100°, acquires a reddish colour, smells 
like burnt bread, and is converted into Saussuro’s ainkline. (Oaventou.) 
If it is heated upon hot iron plates and moistened with water, each 
granule is seen under the microscope to he in motion, and to draw 
after itself a projecting streak of a substance soluble in water (RaspaiV), 
which, however, consists of the contents of the granule already modified. 
(Poggendorff, Pogg. 37, 11G.) 

2. Starch gives, by dry distillation , carbonic acid, carburettor! hydro- 
gen gas, water, acetic acid, and empyreumatic oil, and leaves a porous 
cinder. 

8. In the open fire , it becomes soft, swells up, evolves choking 
vapours, and at last bums with a bright flame. 

4. It is oxidized slowly by oxygen, more quickly by ozonized air » 
yielding but little carbonic acid. The decomposition also takes place in 
the absence of light, even below 0°, also by the action of atmospheric 
air. (K arstc n, Berl, Ahad. Bin. 1800, 38; abstx*. J, pr. 67/m. 79, 22(5.) 

— Starch remains unchanged in ozone (Gorup-Bcsanez, A nn . Pham , 1 10, 
103 ; J. pr. Chem. 77, 407) ; but acquires a smell of apples. (Schbnboin.) 

— By distillation with peroxide of manganese, sulphuric acid, and water, 
it yields carbonic acid, aqueous formic acid (Wohler, 0. O. Gmelia), and 
furfurol. (Comp. vii. 273 andx. 370.) 

5. Starch is converted by heating with water, first of all into paste 

(see combinations), the granules swelling up, and this by longer heating 

in the water-bath is transformed into soluble starch and a small quan- 

tity of dextrin (Maschke), completely into dextrin at 150° (Mitschcrlich, 

Pogg. 55, 221), at 160° (Jacqueiain), in general by long boiling (Pay on), 

and at last into sugar. (Jacqueiain.) — Starch remains unaltered for 
four months in water free from air and protected from the air at Kri, 
but makes the water acid, and acquires a peculiar smell if air has 
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access to it (Guerin-Varry); in contact with water at 45° for two days, 
it evolves carbonic and acetic acids (Edwards & Colin) ; pure starch 
evolves nothing, commercial starch only carbonic acid. (Guerin-Varry .) 
— According to Caventou, starch is partially converted into soluble 
amidin by boiling water, or by water at GO 0 — 70°, and is transformed 
by continued boiling into starch-gum. 

According to Guerin-Varry, when it is boiled from a quarter of an 
hour to an hour with 100 — 200 parts of water, amicline tequmentcdre 
remains behind, while amicline soluble and amicline are dissolved, the first 
of which remains as a residue insoluble in cold water when the solution 
is evaporated. For the rest, anticline , which is easily and completely 
soluble in cold water, producing a slimy liquid, resembles starch, and 
lias, according to Biot, a stronger dextro-rotatory power than cane- 
sugar. The amkline soluble , which remains dissolved through the 
agency of the amicline , possesses, after it has been separated again, all 
the properties of amicline tegumentaire ; both resemble cellulose in pro- 
perties and composition, but are not identical with it. (Guerin-Varry.) 

According to Payen, when powdered starch is boiled with water, 
one part of its constituents is disaggregated and made more soluble 
than another ; the less coherent parts dissolve first, then the more 
solid ; ■when the maximum of solubility is reached, the formation of 
dextrin sets in. (Payen .) 

The starch of the Trohala remains unaltered by half an hour’s 
boiling with water ; after not less than two and a-half hours’ boiling it 
is converted into an irregularly formed mass. (Guibourt, Compt. rend 
46, 1213.) 

A solution of starch in 500 parts water, prepared by boiling for 36 
hours, remains unaltered on standing. (Jacquclain.) If it be boiled for 
one hour with 80 parts water, the neutral solution obtained yields a 
deposit on standing in the air, becomes again turbid after 5 days, milky 
after 7 days ; divided envelopes (of the starch-granules) may be seen 
in it after 14 days ; after 8 months it becomes sour, smells like decay- 
ing cheese, and leaves on evaporation a residue soluble in water. 
(Guerin-Varry.) If starch is boiled with water for four days and the 
filtrate evaporated, soluble bitter gum remains behind, (Vogel, Ann. 
(jhim. 82.) — Starch heated to 140° with fV its weight of water, be- 
comes coloured and soluble in water (Jacquclain); heated for half an 
hour to 140° with 7 parts water, it forms a mucilaginous solution. 
(Payen, Comp, also Jacquclain, Ann. Cltim. Phi/s. 73, 167.) 

When it is heated with water in a Papin’s digester to nearly 200°, 
the solution contains only a little grape-sugar, but much brown bitter- 
sweet saccharic acid. (Gmelin.) 

G. Starch distilled with sulphur gives off hydrosulplmric acid and 
combustible gases, and a mctacctone-like liquid, but no definite sul- 
phur- compound distils over. (Illasiwetz, W mi. AJcad Per. 5, 184.) 
Monosulphide of potassium and sulphide of calcium act in the same way, 
(Illasiwetz.) 

, 7. Chlorine gas , either dry or moist, does not act on starch either at 

the ordinary temperature or at 100° ; when it is exposed under water to 
the action of chlorine for 8 hours, only ^ is decomposed with evolution 
of carbonic acid. (Liebig, Fogg. 15, 570.) Gum behaves in the same 
way. (Liebig.) — Starch deliquesces," by absorbing chlorine gas, to a brown sub- 
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stance containing hydrochloric acid, and evolve? carbonic acid. (Bonillon-Lagrangc Sc 
Vogel.) — By distillation with hydrochloric acid and peroxide of manganese 
it yields chloral (ix. 202) also carbonic and formic acids, in quan- 
tities depending' on the proportions of the materials, together with 
pen t achlorinat c d propionic aldehyde (ix. 400), yellow oil and resinous 
matter. (Stadelcr, Ann. JPharm. 61, 101; Hamlw. d. Chem. Suppl. 
1853, 796.) Starch is but slowly decomposed by hypochlorites, ^ (Liebig.) 
Yields formiatc of lime when heated with 1 part chloride of lime and 
3 parts water; but is entirely decomposed into carbonic acid and water 
if the chloride of lime docs not contain any hydrate of lime. (Bastick, 
iV. J, Pharm. 14. 20) Woody-fibre behaves in the same way. (Bastick.) 

8. In the action of nitric acid upon starch, wc have to distinguish 
between three different processes : a. Formation of Xyloidin ; • — b. For- 
mation of Soluble Starch and Dextrin ; — c. Formation of Oxalic Acid. 

a. Gold concentrated nitric acid (sp. gr. 1*52) dissolves starch with- 
out evolution of gas ; water added to the solution precipitates xyloidin 
as a white powder. (Braconnot, Pelouze.) If water is added imme- 
diately, nothing remains dissolved ; but if the solution is allowed to 
stand, it gives with water loss and less xyloidin, and at last none, 
while a substance resembling saccharic acid remains in solution. (Pe- 
louze, Compt . rend. 7, 713.) 

b. If starch is mixed with its own weight of concentrated nitric 
acid and twice its weight of ordinary nitric acid (NO 5 , 4110) and allowed 
to stand for 24 or 30 hours at the mean temperature, or if it is mixed 
with enough common nitric acid to form a thick mud, and heated in the 
water-bath until red fumes are evolved, disorganised, insoluble starch is 
at first produced, then starch soluble in hot water, and lastly starch 
soluble in cold water. (Bechamp.) — Starch that has been moistened 
with t 2 0 p. c. nitric acid and water, and then allowed to dry spon- 
taneously, yields dextrin when heated. (Payen.) A mixture of starch 
with 2 p. c. nitric acid and 4 p. c. water, dried at first in the air, after- 
wards in a water-bath, gives with f> parts of warm water a solution 
which solidifies to a jelly like lichenin on cooling, and yields sugar when 
boiled with acid. (Mitscherlicli, Pogg. 55, 121.) 

c. Hot nitric acid, either* concentrated or dilute, employed in excess 
evolves nitrous gas and forms oxalic acid. (Schoclo, Yauquelin) ; to- 
gether with malic and acetic acids. (Schcclc.) 8 parts of nitric acid of 
sp.gr. 1*34 produce 36*81 p. c. of crystallised oxalic acid. (Guerin- 
Yarry.) — Hyponitric acid acting on starch neither evolves gas nor pro- 
duces oxalic acid. (Bouijs-Ballot, J.pr. Chem. 31, 211), 

9. OH of vitriol or dilute sulphuric acid converts starch into soluble 
starch, sulphamidonic acid, dextrin, and sugar. Heated oil of vitriol 
chars and destroys it, evolving sulphurous acid. 

m If starch is mixed with oil of vitriol so as to avoid heating, 
iodine no longer indicates its presence in the mixture (which is at first 
yellow, then reddish-yellow) when it has stood for half an hour or two 
hours. Sulphamidonic acid is produced, of varying composition ac- 
cording to the quantity of oil of vitriol and the duration of the action. 
(Fehling.) Soluble starch is formed by half an hour’s action of oil of 
vitriol on starch. (Bechamp.) 

Concerning sulphamidonic acid, see below. Saussurc, by warming 1 part 
of starch with 3 parts oil of vitriol previously diluted with 30 parts 
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water, and precipitating the solution with alcohol, obtained crystals 
mixed with starch, which, after washing with spirit, were dissolved in 
a small quantity of water, reproduced by spontaneous evaporation, and 
freed fcfrom adhering sulphuric acid by means of alcohol. These cry- 
stals, Saussurc’s sulphate of starch, dissolve in water with separation 
of a little starch, which is coloured red by iodine. Fritzsche did not 
succeed in obtaining them. 

b. Starch wanned with dilute sulphuric acid, loses its organized 
structure without dissolving* ; it is next gradually changed into soluble 
starch, and then still further into dextrin. This last is finally partly 
converted into sugar. (Becliamp.) The unfermentable substance 
itself seems to be composed of two bodies having a slight rotatory 
power. (Bechamp.) 

The formation of sugar in this way was discovered by Kirchhoff. 
Sugar and dextrin are direct products of the metamorphosis of starch, 
and are simultaneously formed ; for the formation of sugar proceeds 
quickly, as long as unaltered starch is present ; slowly, when the acid 
solution is no longer coloured blue by iodine. 1 At. sugar is produced 
for every 2 At. dextrin. (Musculus, N. J. Pharm. 37, 410 ; Chem. 
Centr. 18G0, 602. — Compt. rend. 54, 194 ; Zeitschr. Ch. Pharm. 5, 169.) 

The formation of sugar takes place without alteration in the form 
of the starch- granules, of which only the actual starchy matter is 
decomposed. (Melsens, Inst. 1857, 1861.) It takes place also when 
the air is excluded and without evolution of gas (Yogel) ; -when air 
is excluded, but with the evolution of a small quantity of carbonic 
acid (Dobereiner, Sckw. 5, 281). The quantity of sulphuric acid 
remains unaltered by it, but the starch takes up water. (Saussure.) 

The formation of sugar is complete if 100 pts. starch are boiled : 
(1) for some days with ^ pt. oil of vitriol, and 300 pts. water; (2) for 
36-40 hours with 1 pt. oil of vitriol and 400 pts. water; (3) for 20 
hours with 2J pts. oil of vitriol and 400 pts. water ; (4) for 7-8 hours 
with 10 pts. "oil of vitriol and 600 pts. water. (Kirchhoff.) — Water 
containing i p. c. oil of vitriol does not produce any sugar from starch 
at a temperature of from 38° to 50° even after three weeks. (Daniell 
Ann. Chun. Phys. 10, 219.) 100 pts. starch afford 120 pts. syrup 
or 90 pts, sugar (Kirchhoff); 110T4 pts. sugar dried at 100° (Saussure); 
91/52 to 115*7 pts. sugar (Guerin- Yarry); 104*01 pts. (Brunner, 
Fogg. 34, 319.) 

Starch granules treated with cold dilute sulphuric acid show no 
alteration under the microscope ; with stronger acid, they swell up ; 
still stronger acid causes a jelly to separate, at first at only one point, 
hut afterwards the whole changes to a jelly in which the envelopes 
can no longer he seen; still stronger acid forms a clear solution. 
(Guibourt.) 

The action of \ pt. oil of vitriol and 2*8 pts. water upon starch at 
60° causes only a few of the granules to break up ; at 75° they are for 
the most part converted into a jelly which solidifies on cooling, and 
contains envelopes, some of which are partly, others entirely, opened, — 
also entire granules diffused through a white, powdery mass. At 90° 
the jelly no longer solidifies on cooling ; almost all the granules are 
burst ; and the liquid filtered at 92° or 100° leaves the torn envelopes 
on the filter, cemented together by dextrin : cold water extracts 
nothing from them ; hot water gradually dissolves out the dextrin. 
(Biot & Persoz.) To make all the granules hurst, water containing 
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30 p. c. sulphuric acid must be used. (Paycn.) — Starch warmed with 
-Jr pt. oil of vitriol and 10 pts. water forms a paste at 70°; becomes 
quite fluid again at 90°, but, if quickly cooled, solidifies to a jelly, which, 
after washing with alcohol and drying, is insoluble in water and does 
not form paste, but by continued heating finally becomes quite fluid, 
with the exception of and forms a horny mass when dry. 

When starch is heated to 100° with dilute sulphuric acid, the liquid 
still gives at first a blue colour with iodine : after half an hour iodine 
colours it violet ; after 45 minutes, violet red ; after 75 minutes, dark 
red ; after 105 minutes, reddish brown ; after 135 — 435 minutes pale 
yellowish brown. With alcohol, it gives at first a large precipitate, and, 
as the heating is continued, a smaller and smaller one, so that after 75 
minutes, only a turbidity is produced, and after 135 minutes, no visible 
precipitate. The first precipitate is quite insoluble in water ; those 
produced afterwards are more and more soluble (soluble starch) in 
proportion to the length of time the liquid has been heated. The 
rotatory power of the liquid also diminishes as the heat is continued: 
after 10 minutes [a] = 216° to the right; after 15 minutes, 210*8° ; 
after 20 minutes, 204*3° ; after 30 minutes, 19G*9° ; after 45 minutes, 
179*8° ; after 75 minutes, 167*6° ; after 105 minutes, 143*6° ; after 
135 minutes, 131*8°; after 165 minutes, 96*3° ; after 195 minutes, 
96*1° ; after 255 minutes, 76*5° ; after 315 minutes, 73*7° ; after 435 
minutes, 78*7° to the right, and remains constant if heated for a longer 
time ; it is thus greater than the rotatory power of grape-sugar 
( [a] = 66*3° to the right) since the solution contains, besides the latter 
substance, a second optically active body, not further decomposible by 
acid. (Bechamp.) 

If 1 part of potato-starch is heated for an hour in a water-bath, 
with 2 pts. alcohol of sp. gr. 0*833 and a little oil of vitriol, the spirit 
then poured off, and the starch which lies at the bottom thoroughly 
washed out with water, it does not outwardly appear to have under- 
gone much alteration, but when triturated with cold water, it imparts 
to the latter an organic acid, and gives a perfectly clear solution when 
boiled with water. The solution prepared with from 4 to 6 parts of 
water, solidifies to a jelly on cooling. Starch treated as above consti- 
tutes Maschkc’s artificial lichcnin, or modified starch, which is 
insoluble in cold, but soluble in hot water, and is coloured blue by 
iodine. — The distillate obtained by boiling potato -starch, with dilute 
sulphuric acid contains fat. (Comp. Paycn, Crnpt. rend. 23, 837 5— 
Rousseau, Pogg. 32, 201.) 

By distilling starch (also gum or woody fibre) with oil of 
vitriol (phosphoric acid or chloride of tin), a volatile oil is obtained, 
and then formic acid (sulphurous acid? Grin), the mass becoming 
carbonised. (Emmet, Sill Ann. J. 32, 140 ; . J. pr. Chcm. 12, 120.) 

a. Nitromlplmric . acid converts starch into an explosive compound 
corresponding to, or identical with, gun-cotton. (Do Yrij, Compt. rend. 
24, 19 ; comp, also Payen, Compt. rend. 24, 87.) 

10. Phosphoric add does not change starch into sugar. 
(Kirchhoff.) 

-4* Ddute aqueous hydrochloric acid converts starch into sugar. 
(Kirchhoff.) --Potato-starch, — and also rice-starch (Scliarfing) — when 
boiled with water containing* hydrochloric acid, evolves, oven after 
several days, when again heated, a smell of formic acid. Arrow-root 
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does not emit tills odour under the same circumstances (Schmidt, A r . B?\ 
Arch , 19, 195), so that an admixture of 15 p. c. potato- starch in arrow- 
root-starch may be thus detected. (Oswald, A r . Br. Arch . 40, 166.) — 
Potato-starch gives with 1*5 or 2 pts. concentrated hydrochloric acid, a 
tough, almost transparent mucilage, which smells of formic acid; 
rice-starch gives a similar product, but turbid ; with dilute hydrochloric 
acid, potato- starcl i gives in 2 or 3 minutes, — rice-starch in 25 or 30 
minutes,-— -and rice -starch containing 25 to 30 p. c. potato-starch, with 
hydrochloric acid of 13*5° B., in 40 or 50 seconds — a tough mucilage. 
(Scharling, Ann. Phcirm. 42, 272.) 

12. Oxalic acid converts starch into sugar. (Kirchlioff, Convercliel.) 
— The conversion of 1 pt. starch into sugar requires 0*005 pts. oxalic 
acid, 1 to 12 pts. water, and that the mixture be heated to 130° for 
2 hours. Starch heated to 130° with 0*005 pt. oxalic acid and 5 pts. 
water is converted in 20 minutes into granules defecule; after an hour 
it is changed into dextrin, with which iodine gives a purple-red colour, 
and after two hours into dextrin which is no longer coloured by 
iodine. (Jacquelain.) — 13. Starch heated for an hour to 125° with 
4 pt. tartaric acid (or malic acid) and 5 pts. water is changed into gum 
(dextrin?). (Couvorchel, J. Pham . 7, 267.) 

14. Glacial acetic acid leaves starch unaltered (Fritzche, Payen, 
N. Ann. Sc. not. Bot. 10, 161), even on boiling (Persoz, Gom.pt. rend. 
17, 1067); by several hours heating to 100°, the same acid renders it 
partially soluble in cold, and partially soluble in hot, water (Bechamp) ; 
in 50 or 60 hours at 180°, it forms, with elimination of water, a 
small quantity of a compound similar to, or identical with, aceto- 
glucose. (Berthelot, N. Ann. Ghvm. Phys. 60, 100.) — The solution 
obtained by heating starch with moderately concentrated acetic acid 
to 100° for 3 hours, contains, even after being heated for 28 hours, 
nothing but soluble starch, and has lost but little of its rotatory 
power. A solution in acetic acid containing 4 at. w r atcr loses, by 
being heated to 130° for 12 to 28 hours, 52° [a] of its rotatory power 
— also the property of giving a blue colour with iodine, and a precipi- 
tate with alcohol; it also leaves on evaporation an unfermentable 
residue. (Bechamp.) — Aqueous acetic acid produces with starch, 
first dextrin, afterwards sugar (Persoz), no sugar (Kirchlioff; Biot, 
Compt. rend. 17, 1067), and, after boiling, the starch-granules appear 
under the microscope to be covered with smooth needles (loosened 
and separated layers of the granule). (Fritzschc.) — In general, warm 
dilute mineral acids and organic acids remove from the starch-granules 
their starch properly so called, which turns blue with iodine, without 
however altering their form or structure. Granules which have been 
thus treated are merely coloured yellowish or reddish by iodine- 
water ; but if moistened with iodine-water, and afterwards carefully 
with oil of vitriol, they are coloured blue, and in the latter case retain 
their form. (Melsens, Inst. 1857, 160.) 

15. Starch slowly absorbs gaseous fiuoride of boron at the ordinary 
temperature, and liquifies without becoming coloured. 

16. Starch heated in a sealed tube with strong aqueous ammonia 
to 150° for several days, yields a solid, brown, gummy, deliquescent 
mass, having a bitter taste, easily decolorised by animal charcoal, and 
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precipitable from its solutions by tannin. It smells like roast meat, 
does not evolve ammonia by contact with solution of potash or 
hydrate of lime, but when fused with solid potash, yields as much, as 
corresponds to 24 to 3 p. c. nitrogen. (Sehiitzeiiborgcr, Zdtschr. Oh. 
Pharm. 4, 05; comp, also P. Thcnard, Compt rend. 52, 444; Rep. Ohm , 
j pure, 3, 207.) 

17. Starch Iieated to a temperature mucli below redness with 4 or 
5 times its weight of potash-hydrate and a little water swells up, and 
forms oxalate of potash, with evolution of hydrogen (Gay-Lussac; 
comp. ix. 1.12), at the same time yielding carbonate, fonniate, acetate, and 
propionate of potash, and in general the same products as cane-sugar 
yields under similar circumstances. (Gottlieb, Ann. Pharm. 52, 121.) 
— When starch is boiled for several horns with strong potash-ley, it 
gives at first a thick and afterwards a fluid paste, from which alcoho* 
precipitates disorganised starch. This cannot he freed from alkali by 
washing with spirit, but may be obtained free from alkali by neutral- 
ising the alkaline solution with acetic acid before precipitating with 
alcohol. It is but slightly or not at all soluble in boiling water, 
becomes therewith translucent without forming a paste, and turns 
blue with tincture of iodine. Potatory power [a] = 211° to the right. 
(Bechamp.) — Starch digested for 12 hours at 50° or 60° with 5 p. c. 
potash-ley yields dextrin. (Paycn.) 

Starch gives with potash-ley an opalescent solution, which does 
not gelatinise (Schmidt, Ann. Pharm. 51, 31), and has no rotatory 
power (Ventzke, J. pr. Chem. 25, 65). Potato-starch gives in ^ a 
minute with £ pt. potash-hydrate and 12*75 pts. water, a very thick 
turbidly translucent, — wheat-starch, in half an hour, a milky, — 
opaque jelly ; — arrow-root, a permanently fluid mixture ; — the starch of 
the bryonia, immediately, a very thin, pale yellow, clear jelly ; — kidnoy- 
bean-meal, a greenish yellow, opaque, thin, — manjok-meal, a thick, 
slightly translucent, mucilage, with which are mingled swollen-up 
granules. (Mayet, JSf. J . Pharm. 11, 81 ; J. pr. Chan. 40, 435.) In 
contact with a solution of 0*018 to 0*020 pt. potash-hydrate in 10 to 
15 pts. water, wheat-starch remains unaltered; arrow-root forms a very 
turbid, and bean-starch a translucent, solid jelly. (Paycn, Compt. rend. 
48, 775.) — Starch-granules, which arc insoluble in very dilute 
potash-icy, swell up in somewhat stronger ley (2 p. <*., Bechamp), and 
at last dissolve without previously bursting. (Guibcmrt.) When 
alcoholic, potash at 100° is poured over them, an air-bubble becomes 
apparent inside them, and does not disappear if the granules lie in the 
liquid for weeks ; but when water is added, they absorb it and swell 
up greatly, so that, -without the bubble of air having escaped, the 
space it occupied becomes invisible. (Fritzsche.) — Since the envelopes 
contain nitrogen, starch-granules evolve ammonia when fused with 
potash-hydrate. (Jacquelain.) 

18. Starch deflagrates when fused with saltpetre and potash-hydrate, 
forming a small quantity of alkaline cyanide. (Poussin, Compt. raid. 
47, 875.) — It is not altered by permanganate of potash. (E. Monier, 
Compt. rend . 4G, 425; J. pr. Chem. 73, 479.) 

19. Soda-hydrate decomposes starch in the same way as potash- 
hydrate. (Bechamp.) Starch-granules swell up in dilute soda-solution 
(containing 2 p, c. of soda-ley of 35° B) to 100 times their original bulk 
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without bursting; less concentrated soda-solution, than is required for 
old starch, suffices to make fresh starch granules, or such as have 
been dried over sulphuric acid in vacuo, at 120°, swell up. The 
presence of ammonia-salts prevents the swelling up. (Payen.) 

Starch yields less oxalic acid when heated with soda-hydrate, than 
it does with potash-hydrate. (Possoz.) In like manner, a mixture of 
1 pt. soda with or a smaller quantity of potash, produces less 
oxalic acid than potash alone ; but 1 pt. soda mixed with 2 or 3 pts, 
potash, produces more than is produced by potash alone. (Possoz.) 

20. When an intimate mixture of starch with 8 pts. quicklime is 
cautiously distilled, it froths up greatly, and yields an oily distillate 
containing metacctone, and in smaller quantity, acetone (Fremy, Ann. 
CJmn. Phys . 59, 6 ; Ann. PJiarm . 15, 278). 

21. Chloride of zinc converts starch into disorganised starch ; by 
ebullition, into soluble starch, not into dextrin. (Bechamp.)— With 
10 pts. of an aqueous solution containing 25 p. c. of fused chloride of 
zinc, starch gives immediately a thick paste, which does not liquefy on 
heating, but becomes fluid if heated for 12 or 18 hours in a water- 
bath, and from which alcohol precipitates disorganised starch; if, 
however, it has been boiled over the naked flame for 2 or 3 hours, 
alcohol precipitates dextrin from it. (Bechamp.) 

22. When triturated in the cold, or when heated with aqueous 
bichloride of tin , it forms a compound intermediate between sugar and 
dextrin, or between gum and sugar, the composition of which is 
represented by the formula C 24 I~P0 23 (v. Payr, Wien. Akad. Per. 21, 
269 ; Chem. 69, 425.) 

Starch triturated with aqueous bichloride of tin, and filtered from 
the slight residue which remains, gives, on addition of absolute alcohol, 
a white precipitate, which, after being washed with absolute alcohol and 
dried over oil of vitriol, contains, according to v. Payr, C G0 Ii 61 O 64 , BSnOh 
— If the mixture is heated to 100°, alcohol causes a precipitate whose 
composition, when dried at 100°, is represented by C 21 IT 28 0 28 , 7Sn0 3 . — 
The first precipitate, suspended in water and decomposed by hydrosul- 
phuric acid, yields bisulphide of tin, and a transparent, colourless liquid, 
which leaves, when evaporated in vacuo, a white pulverisable mass. 
This product is easily soluble in water, is not altered by iodine, and is 
changed into sugar when boiled with dilute mineral acids, (v. Payr.) 

White substance . 

v. Payr. 

24 C 41*02 40*90 

23 H 6*55 6*67 

23 0 52*43 52*43 


CP*H®0 3 


.... 100*00 

, 100*00 


Tin-salt. 


y. Payr. 

Tin-salt. 

b 


v. Payr. 

dm 

60 C 

, 23*43 . 

... 23*30 | 

24 C 

... 15*64 . 

.... 15*50 

64 H 

„ 4*18 , 

.... 4*14 

28 H 

... 3*04 , 

.... 3*18 

64 O 

33*33 , 

.... 33*98 

28 0 

... 24*34 . 

.... 24*24 

8SH0 5 

39*06 , 

.... 38*58 

7Sn0 2 

... 56*98 . 

.... 57*08 

C fi0 H r,4 O c4 J 8SnO 2 .. 

.. 100*00 

.... 100*00 

C^OVSnO* . 

... 100*00 . 

.... 100*00 
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28. Starch heated for a long time with aqueous osmic acid , yields 
carbonic acid, oxalic acid, and a peculiar acid whose ammonia-salt is 
soluble in alcohol. (Buttlerow, J. pr, Ghem . 56, 271.) 

24. Aqueous soluble Prussian (due is decolorised by starch (Vin- 
cent); by potato-starch only, not by wheat-starch (Wauli, Heine. 
51, 444), because the latter contains glutiu. (Mbttger, J.pr, Ohm* 

io, no). 

25. Starch heated with (Jincltonci, -alkaloids evolves red vapours, which 
condense to a red liquid. (Batka, Ghent. Ccnlr , 1851), 805.) 

26. In contact with diastase , at G5°— -80°, starch is converted into 
dextrin and grape-sugar, starch- granule envelopes which are no longer 
coloured blue by iodine remaining behind. (Bayou & Pcrsoz.) Accord- 
ing to Payen, dextrin is formed lirst, and is subsequently changed into 
sugar; according' to Balling, dextrin, dextrin-gum, and dextrin -sugar 
are formed one after another X(*'dhrumjs-chende., Prag, 1845. 2, 15.) 
Starch splits up, according to Musculus (Ah J. PI > arm. 87, 419 ; Chew. 
Centr . 1860, 602, — Compt. rend, 54, 194; Zeitschr. Gh, Phunn. 5, 109) 
into 2 at. dextrin and 1 at. sugar, the first formation of the latter not 
being due to further alteration of the dextrin* 

The transformation of starch into dextrin and sugar by means of 
diastase takes place without any change of volume, also in vacuo, also 
at the common temperature ; by using starch-paste also at 0° (G-ucrin- 
Varry) ; without previous formation of gum (Trommcr, Ann. Pharm 
89, 860) ; without" evolution or absorption of gas. (Payen.) It is 
hastened by increasing the quantity of water (Dubrunfaut) ; by previous 
gelatinisation of the starch (Payen); and is complete in 8 hours at 70° — 
80° with 1 pt. starch, 10 pts. water, and 0*005 pt. diastase. (Payen.) 
It is arrested by heating to ebullition (Payen); not interfered with by 
the presence, for every 100 pts. starch, of 1 pt. green vitrol, glacial 
acetic acid, formic acid, prussic acid, creosote, ether, sulphate of quinine, 
sulphate of morphine, oil of turpentine, of lemons, of anise, of cloves, 
or of mustard ; it is slightly hindered by bicarbonate of soda, iodide of 
potassium, calomel, cyanide of mercury, sulphate of soda, sulphate of 
magnesia, acetate of lead, arsenious acid, arsenite of soda, and alum ; it 
is much hindered by quicklime and magnesia; it is entirely proven hid by 
tannin (Payen), bromine, soda, sulphuric acid, nitric acid, hydrochloric 
acid, oxalic acid, phosphoric acid, nitrate of silver, corrosive sublimate 4 , 
and sulphate of copper. (Bouchardat, Compt . rend. 20, 107; abstr. 
iV. Ann. Chirn . Phys. 14, 61); it is not interfered with by small 
quantities of the alkaline carbonates, of acids, or of various neutral salts. 
(Payen & Persoz.) — Diastase can render liquid 60 times more starch 
than can oil of vitriol (Payen & Pcrsoz) ; it can render liquid 2,000 
times its own weight of starch, and in 2 hours can liquefy starch - 
paste mixed with chloride of sodium, even at — 5° or — 9°, without 
however converting it into sugar. (Gruerin-Yarry.) 

The transformation of starch into sugar by malt (Kirchhoff), and 
also during the germination of grain (Saussure), is likewise due to 
diastase, the quantity of which becomes greater and greater as the 
germination of the grain proceeds, whereas dextrin and sugar are 
consumed. (Payen.) — The formation of sugar in the germination of 
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wheat, caused, according* to Saussurc, by a mucilaginous substance 
contained in it, takes place more slowly when air is excluded, and not 
at all in vacuo, in which case acetic, formic, lactic and carbonic acids and 
alcohol are produced. Concerning the action of diastase upon starch, see Trauhe 
(. Pogy , 103, 331 ; N. Br. Arch. 96, 55)- 

ITndor the microscope, it can be seen that the envelopes of the 
starch -granules are not opened by the action of aqueous diastase upon 
starch, and hence that diastase acts by endosmose and causes the forma- 
tion of sugar in the interior of the granules even at common tem- 
peratures ; at 75° the envelopes are torn open, and the action of the 
diastase is more energetic. (Dutrochet, Ann. Sc. Nat. 30, 354.) No 
change in the form of the starch- granules takes place, it being only 
the starchy matter strictly so-called that is decomposed. (Melsens, 
Inst. 1857, 161.) 

If the diastase-solution is heated to at least 54°, the granules burst 
without tearing, and the diastase then acts, not through the envelopes 
of the granules, but directly upon their contents ; it can produce sugar 
only from starch-paste, not from entire starch-granules, and cannot, 
therefore, cause the formation of sugar from starch in germination. 
(Guerin- Varry.) 

The quantity of sugar produced from starch by means of diastase 
depends on the quantity of diastase, the duration of its action, the 
quantity of water, and the temperature. * — 100 pts. starch boiled to a 
paste with 1000 pts. water, and warmed to 70° — 75° for fifteen hours 
with 1*7 pt. diastase, gave 17*58 pts. sugar ; 100 pts. starch, heated 
for an hour to 60° — 65°, with 3900 .pts. water and 0*13 pts, diastase 
in 40 pts. water, gave 86*91 pts. sugar; 100 pts. starch boiled to 
a' paste with 1393 pts. water, mixed with 12*25 pts. diastase in 367 
pts. water, and kept at 20° for 24 hours, gave 77*64 pts. sugar; the 
same mixture in 1 hour at 0° yielded 11*82 pts. sugar (Guerin- Varry). 
100 pts. starch with 25 pts. barley-malt and 4500 pts. water, yield 
90 pts. sugar ; the use of more malt docs not increase the quantity of 
sugar* (Dubrunfaut.J 

The examination of the products of the action of diastase upon 
starch at 70° — 75°, as soon as iodine no longer indicates the presence 
of starch, or when the diastase has acted still longer, always shows 
that sugar and dextrin are present in the proportion of 1 at. to 2 at. 
(Musculus.) It appears, therefore, that the transformation of starch 
by diastase does not consist in the formation first of an isomeric sub- 
stance, dextrin, and the subsequent conversion of this substance into 
glucose by assumption of water, but in the resolution of 3 at. starch 
== 3C 12 H 10 O 10 , with assumption of 2110, into 2 at. dextrin = 2C 12 lI 10 O 10 
and 1 at. glucose C 12 H 12 0 12 . (Musculus, Gompt. rend. 54, 194 ; Zeitschr. 
Gh . Fharm. 5, 170.) Erlenmcyer (loc. cit) regards this transformation 
as, perhaps, showing that starch, dextrin, and glucose are represented 
respectively by the formulae 0 36 H 3, '0 30 , C 24 H 20 0 20 , and 0 12 H 12 (P, and 
consequently that starch and dextrin are not metameric but polymeric 
with each other. 

27. In contact with glutin> at a moderately high temperature, starch 
is converted into gum (dextrin f) and sugar. (Kirchhoff.) — Glutin 
renders starch-paste fluid, and causes the formation of sugar. (Bou- 
chardat, Gompt. rend.- 20, 107 ; N. Ann . Chim. Pbjs. 14,- 61.) 
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In the fermentation which takes place when starch is left in 
contact with glutin under water, butyric acid (x. 7G), carbonic acid, 
and hydro non are formed. (Erdmann & Marchand, J. pr. Chew, 
29, 466.) 

28. Saliva transforms starch into dextrin and sugar (Ilandbuch f 
viii. 19). (Miahle, Compt. rend. 20, 1485; 22, 252. — Lassaigiie, 
J. Clrim, med. 21, 305 & 359; Compt rend. 20, 1347.) — M 40° — 50° 
saliva leaves starch -granules apparently unaltered, but extracts from 
them the true starchy matter (granulosc), and leaves a residue of 
cellulose. (Nageli.) — Pepsin deprives starch-granules of the substance 
which turns blue with iodine, but docs not change their form or 
structure ; the granules which remain are coloured by iodine-water 
from pale yellow to red, but are again coloured blue without change of 
form, when moistened with iodine-water and then cautiously with sul- 
phuric acid. (Melsens, Inst. 1857, 161.) 

29. Starch-paste is transformed into sugar by beer-yeast (Bou- 
chard at) ; by animal gelatin (Kirchhoff, Matthicu do Dombasle), — by 
fresh, dry, powdered, or decaying gelatin (Bouchardat) ; — by the 
gastric juice when it contains saliva , not when pure ( Ilandbuch , viii. 21), 
by the pancreatic juice ( Ilandbuch , viii. 82 & 99) (Lassaigne, Compt. rend. 
20, 1350; J. Chim . med. 21, 309); by the substance of the kidneys 
(Marchand, N. JBr. Arch. 52, 195 ; Pharm Centr. 1847, 491); by animal 
mucous membrane (. Ilandbuch , viii. 82), urine, bile , semen, serum of 
blood, and animal tissue ; by watery infusions prepared at 40°, from 
the heart, brain , lungs, liver , kidneys, spleen, and muscles, (Magcndic, 
Compt. rend. 23, 189; abstr. N. J. Pharm. 11, 40. (Ilandbuch, 
viii . 21.) 


Combinations, a. With Water. — Commercial or air- dried starch 
retains water mechanically adhering, hut no combined water; it 
retains no water at all when dried at 100°. (Mulder.) Starch from 
cereals contains 13*66 p. c. water, and potato-starch 16*41 p. c. at 22° 
and 88° of the hair-hygrometer (Saussure) ; air-dried wheat-starch 
contains 12*5 p. c. water (Prout), 14*2 — 17*8 p. c. (Wolff, J. pr. Chcm . 
71, 86) ; arrow-root 18*2 p. c. ; air-dried starch 28 p. c. (Guerin- Yarry), 
21*55 p. c. (Mulder, Chem. 15, 300). 

Starch does not dissolve when shaken up with cold water, but 
partially when continuously triturated with it. In hot water it swells 
up and forms paste.— -The formation of paste with hot water 
depends on its organised structure, but its insolubility in cold water 
does not. (Bechamp.) 

Starch absorbs water when exposed to moist air. The absorption 
of water occurs in stoiehiometrical proportions, and takes place very 
quickly with starch that has been previously dried at 150°, so that the 
starch- granules are in part tom open. (Pay on.) 

f Quantities of water absorbed, according to Nossian (J. pr. Chem . 
83, 41), by 100 pts. of various kinds of starch, when exposed to moist 
air, after previous desiccation at 100° : 


* The word « Handbuch ” refers to the last German edition of this wort. 
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Variety of starch. 

In air containing 

73 p.c. of its maximum , 
of moisture. 

In air saturated 
■with moisture. 

Wheat-starch absorbs . , 

6*94 : 

18*92 

Rye-starch „ 

10*01 

19*36 

Potato-starch ,, 

10*33 

20*92 

Maize-starch „ 

10*53 

19*55 

Buckwheat-starch „ 

10*85 

20*02 

Rice-starch „ 

10*89 

19*84 

Acorn-starch „ 

11*96 

22*98 


The above quantities of water correspond approximately with the 
formulas C 24 Ii 20 0 20 , 4110 and C 24 H 20 O 20 , 8H0, which require respec- 
tively 10*00 p. c. and 18*18 p. c. water. 

With most varieties of starch the absorption of moisture is com- 
plete in 5 days. (Nossian.) T. 

Starch which has been dried at 100° — 120° becomes warm when 
moistened with cold water. — When potato-starch is evenly mixed up 
with cold water, it settles down to the bottom more quickly than 
wheat-starch. (Wolff, J. pr. Chem . 71, 8G.) If. Wheat-starch stirred 
up with water, and then allowed to subside, settles down more com- 
pact than potato-starch, and is more difficult to mix up again. (Pohl, 
J. pr. Chem . 83, 40.) — Starch treated with an excess of water 

always takes up the same measure of it, insomuch that 10 grm. dried 
starch always swell up to 14*857 cc. when covered with distilled water, 
10 grm. moist starch swell up to a smaller bulk ; upon this behaviour 
is founded the method of testing the quantity of water contained in 
starch by means of the Feculometer . (Bloch, Compt. rend. 39, 969 ; 
Fharm , Centr. 1855, 29.) 

Triturated with a small quantity of cold water, starch forms a 
stiff mud, which hardens on drying; when starch is rubbed up for a 
long time with a larger quantity of water, or when powdered starch is 
thoroughly washed, it dissolves, all except the envelopes of the 
granules. (G-uibourt ; Berzelius Jahresber. 10, 201 ; Guerin- Varry, 
Jacquelain, Redwood, Fharm. J. Trans. 4, 505; abstr. Bepcrt. 89, 84; 
Reinsch, N. Jahrb. Fharm. 3, 65; Delffs, Fogg. 109, 048; JS T . Jahrb. 
Fharm. 13, 145 ; Jcssen, Fogg. 106, 497 ; abstr. Bep. Chini. pure, 1, 
432, and Fogg. 109, 361.) — Guerin- Varry rubs air-dried starch in an 
agate mortar for 2 hours with 8 pts. water at 0°, then adds 40 pts. 
water, decants, filters, and washes the residue with water as long as 
the filtrate continues to turn blue with iodine. Jacquelain triturates 
starch for some hours with fine sand, adds water to it, mixes u|i> the 
resulting mucilage with a large quantity of cold water, and filters 
through a threefold filter ; Delft's triturates it continuously with quartz- 
sand and enough water to make an easily fluid mud, and filters after 
leaving it to subside for 24 hours. — The insoluble envelopes of the 
starch-granules are thus tom (Guibourt, Jessen), and the contents dis- 
solve in water without alteration (Guibourt and others), aided, accord- 
ing to Knop (Chem. Centr . 1860, .367), by the heat resulting from the 
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friction. According to Wicko (Pogg. 108, 350) nothing is dissolved, 
and the filtrate merely holds starch in suspension. 

Guibourt calls the aqueous standi which is held in solution fcv.uk 
soluble, and regards it as the constituent of the inside of the b Larch - 
granule, and as identical with Raspail’s gum, Sauss lire’s a, midin, and 
Oaven tou’s amidon wodijie ; according to Guerin-Vany, it is amidine 
mixed with amidine soluble, which it causes to be dissolved ; Payee 
names it amidon , and Delffs amylogen. 

The solution is clear and deposits nothing; no solid particles can 
be detected in it by the microscope ; it gives a precipitate with alcohol 
(Jessen), and turns blue with iodine. A small quantity of iodine 
causes only a temporary blue coloration, because the iodine becomes 
hydriodic acid after a time ; more iodine, however, colours it perma- 
nently blue. (Jaoquelain.) The solution prepared from wheat-starch 
colours tincture of iodine pale yellow or reddish yellow, that prepared 
from potato-starch gives a dark blue colour under similar conditions. 
(Redwood.) The solution from potato-starch turns blue, while that 
from wheat-starch is not coloured at all, because the si arch -granules 
of the latter are surrounded by gluten (because they are smaller than 
those of potato-starch, Gm.), a property which makes it possible to 
detect 5 p. c. of potato-starch in wheat-starch. (Martins, A r . J. 
Pharm . 11, 322.) -—The solution concentrated by evaporation is gummy 
and gelatinous when cold,, and, after three days, forms an opaque mud ; 
it dissolves partially in cold water, leaving behind an opaque jelly, 
which, when diluted with water, deposits a white powder, soluble in 
hot water, (Guibourt.)— The solution evaporated to dryness loaves a 
residue (transparent scales: Jacquclahi) which is only partially 
soluble (scarcely soluble: Jacquelain) in cold water (Guerin- Vany, 
Payee), and also only partially soluble in boiling water, leaving, behind 
translucent husks resembling the envelopes of the starch -granules, 
(Guibourt.) The insoluble portion ( amidine soluble) amounts to 38‘2 ( .) 
p. c. ; the soluble portion {amidine) to 31*71 p. c. -(Guerin- Varry.)— The 
solution preserved out of contact with the air becomes turbid in 00 
hours at 20°, deposits flakes which turn blue with iodine, and are only 
partially soluble in hot water ; after 8 months, without having fer- 
mented, it is no longer coloured blue by iodine. Even when kept so that 
air has access to it, the solution does not ferment ; at first it turns 
blue with iodine, but does so no longer after 45 days. (Guerin -Vany.) 
— The solution cooled to 20°, and then thawed, leaves the greater 
part, but not all, of the amidine soluble (des Jibm amyluejum, jacque- 
lain) as a white insoluble mass, while -the solution contains a uridine, 
(Guerin- Varry.) . , . 

The aqueous starch prepared with cold water, according to Delffs’ 
directions fp. 93. — Delffs’ amylogen), gives the following* reactions: it 
colours solution of iodine blue, gives white precipitates with baryta- 
water and basic acetate of lead ; reduces tartrate of potash and copper ; 
and is without action on mercurous nitrate or terchloride of gold 
(Delffs.; 

Here also belongs, according to Mtickigcr ( Pharm . Vkrtelj. 10, 40 $ 
Zeitschr . Gh. Pharm . 4, 104; the product obtained from starch by the 
following process : when starch is shaken with* 10 or 20 pts. of a 4-— J- 
p. c. chloride-of-calcium solution, it becomes, after some time, slimy 
and ropy, and after 2-3 days, an upper layer separates, which is a 
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solution of chloride of calcium containing but little starch. The 
residue, shaken up with 100-150 pts. water, forms a stiff jelly, which, 
when filtered after the addition of more water, behaves with reagents 
in the same way as Delfts’ amylogen, and from which alcohol pre- 
cipitates flakes, which, after being washed with alcohol dry up to 
colourless, transparent lumps; while 'moist they are easily soluble in 
warm water, but after being dried they are almost insoluble even in 
boiling water, and do not dissolve in aqueous cuprammonia (Fliickiger). 
f If a solution prepared as above is saturated with chloride of sodium, 
it may he kept a much longer time without alteration. (Mohr, Lehrl). 
cl. Chcmisch-analylmhen Titmnethode , Braunschweig, 18G2, 23 G.) 

Starch triturated, first with a few drops of water, then with a con- 
centrated solution of chloride of- zinc, produces a perfect paste at the 
ordinary temperature. On addition of water, this paste yields a turbid 
liquid, which reacts with iodine like a solution of starch prepared by 
boiling stare! l with water and filtering. By precipitating the zinc 
with carbonate of soda and filtering*, a clear solution is obtained which 
reacts strongly with iodine (Mohr, Lehrl). cl Cheni. analyt. Titrirmeth. 
235; Ann. Pharm. 115, 212; abstr. Pep. Chim.pure , 3, 61). % 

Starch-paste. — Kleister, Colie d’amuhn, Empois. — Starcll-paste is 
starch greatly swollen up in water (Berzelius) ; does not contain starch in 
solution (Schleidcn); according to Payen, it contains, according to 
the quantity of water, both dissolved amidon (starch free from 
envelopes) and undissolved; according to Guerin-Varry. it contains 
dissolved anticline and amuline soluble; according to Guibourt, dissolved 
fecule soluble ; according to Caventou, dissolved amidin together with 
unaltered starch. — Tt is formed when starch is heated with water to 
75° — 100°; or when starch which has been moistened with cold 
water is mixed with boiling water. — f The starch-granules of sago 
and tapioca arc already wholly or in part in the state of paste. 
(Lippmaim.) % 

When starch-granules are warmed with water they split, first near 
the nucleus, then expand in the direction of their thinnest layers, split 
open either with straight or jagged edges, appear greatly expanded 
and transparent, and lastly, there separates from the inner layers a 
great number of small, soft flakes, which turn blue with iodine, whereas 
the swollen granules only become wine-red. (Fritzsche.) — On warm- 
ing starch with water : at 54° a few of the granules, at 59° or 60° 
many of them, burst at the nucleus ; at 61° a few, at 62° almost all, at 
04° all, break up into ragged masses. (Guerin-Varry.) They first 
begin to burst at 56° ; at (Jo 0 most of them ace hurst, and the blueing 
of the water by iodine first occurs at this temperature. The formation 
of paste commences at 72°, but the hot water penetrates before this 
by endosmose [also according to Dutrochet, (Ann. Sc. JS r ut. 30, 354)], 
through the envelopes, into the interior of the granules, causing them 
to swell up to 30 times their bulk, bursting the envelopes, and making 
the swollen contents protrude more or less, according to the quantity 
of water they have taken up. The contents are partly dissolved and, 
on cooling 1 *, partly reprecipitated upon the envelopes, causing the paste 
to contract and thicken (Payen). f Lippmaim (J. pr . Chem. 83, 52) 
gives the following' table, in which the column marked A shows the 
temperature at which the granules of the various kinds of starch 
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enumerated in the left-hand column begin to swell, up distinctly ; 
column B. the temperatures at which the formation of paste begins ; 
and column C. those at which it is complete : — 


Rye- starch 

A. 

45*0° 

B. 

50*0° 

a 

55* 0° 

.Maize-starch .... 

50-0 

55*0 

02*5 

Horse-chestnut - starch {JEsculus 
Hippo cast annul) 

52*5 

5G*25 

58*75 

Barley-starch .... 

37*5 

57*5 

02*5 

Chestnut-starch (Castanca vesca) . 

52*5 

58*75 

■ 02*5 

Potato-starch .... 

40*25 

58*75 

02*5 

Rice -starch 

53*75 

58*75 

01*25 

Starch from Arum maculatum 

50*0 

58*75 

62*5 

Hermodactyl-starch 

— 

01*25 

65*0 

Tapioca {Jatropha utilismm , Pohl) 

— 

62*5 

08*75 

Starch of Arum esculeutum . 

45*0 

03*75 

08*75 

Wheat-starch .... 

50*0 

05*0 

07*5 

Arrow-root (Maranta anmdmacea) 

GO *2 5 

00*25 

70*0 

Sago ( Sagus Rumphzs) , 

— 

00*25 

70*0 

Buckwheat- starch 

55*0 

08*75 

71*25 

Acorn- starch .... 

57*5 

77*5 

87*5 


1 


When potato-starch is warmed with water to 40° or 50°, the 
granules exhibit alternately dark and light rings ; at C0° the granules 
expand, the rings separate from one another, and circles of smaller granules 
become apparent. At 65° — 70° the granules burst, and, on boiling, 
appear in irregular shapes like collapsed bags. On moistening the 
mass with iodine, brown sheaths, consisting of cellulose, arc seen In 
the midst of a blue, apparently granular mass. (Maschke.) — -Accord- 
ing to Guerin- Varry, triturated starch dissolves in boiling water with 
the exception of 2*12 p. c. envelopes ( amicUne tegwnentaire) ; according 
to Guibourt, it dissolves completely by long boiling in water, anil 
slowly only because the envelopes (which are not chemically different) 
are denser than the contents. According* to Jacqueiain, a solution pre- 
pared by long boiling with 500 pts. water contains, in the form of 
soluble starch, 10 — 17 p. o. of the starch employed. 

Starch -paste forms a translucent jelly, which is thicker, the more 
undecGinposed starch it contains. (On von toil.) Boiled with an equal 
quantity of water, wheat-starch gives a thinner paste than polafco- 
starch ; arrow-root, on the other hand, gives only an incoherent 
mucilage. (Pfaff, if. Tr. 11, 2, 197.) Common starch-paste is sticky, 
not so that prepared from rice-starch (Vogel); it has a faint taste, 
and a peculiar smell when prepared from wheat-starch, not when pre- 
pared from arrow-root. (Oswald, N. Br . Arch. 40, 1(50.) The starch of 
JEsculus Hippocastanum does not form a paste, but only a thick 
mucilage. (Schwclgger-Seidcl, J. pr. Chim. 5, 227.) 

Starch-paste becomes acid by standing in the air, owing to the 
formation of lactic acid (Braconnot), — of an uncrystalli sable acid. 
(Collard de Martigny, J. Chim. mcd. 3, 238). If saturated with 
common salt, it may be kept in stoppered bottles without alteration 
for more than a year. (Mohr.) Starch is converted by boiling into 
sugar (which, after 1 or 2 months at the common temperature, 
amounts to i of the starch used), into gum, into slightly altered 
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pasty starch ( amidine ), and sometimes into a resinous substance (Comp. 
Saussure, Ann. Chim. Phys. 11, 388 and Caventou). 

When exposed to sunlight , starch-paste is changed, first into a 
substance resembling inulin, then into dextrin and sugar. — The 
transformation does not take place in the dark, except in presence of 
potassio-fcrric tartrate, the presence of which makes sunlight act 
with one-third more energy ; nitrate of uranium renders the action of 
sunlight from 3 to 10 times more intense; ferrous lactate or citrate and 
corrosive sublimate, on the other hand, diminish or prevent it 
altogether. (Niepce de St. Victor & Corvisart, Compt. rend. 49, 368 ; 
abstr. Ann. Pharm. 113, 112.) 

B. With Iodine. — Starch is coloured blue by contact with iodine, 
and forms iodide of starch (Colin & Gaultier de Claubry), a dark blue 
shining, easily pulverizable mass, retaining the original form of the 
starch-granules. (Fritzsche; Schacht, N. Br. Arch. 47, 1C4.) It is 
to be regarded as starch coloured blue by the surface of the granules 
being covered with finely divided iodine. (Liebig', Ann. Pharm. 42, 
308; and others.) According to Payen and Fritzsche, it is a com- 
pound of 10 at. starch with 1 at. iodine. — According to the way in 
which it is prepared, iodide of starch may contain from 3*2 to 7*1 p. c. 
iodine. — The colour of the compound is not the same with all kinds 
of starch : arrow-root starch gives the purest blue ; wheat -starch more 
of a reddish violet colour. (Pohl.) 

The formation of iodide of starch takes place also when air is 
excluded. (Payen.) It also takes place slowly when starch is tritu- 
rated with solid iodine, tincture of iodine, or an ethereal solution of 
iodine ; it occurs immediately in presence of water, or when warm 
tincture of iodine is poured on the starch. Iodine -vapour, or 
iodine dissolved in absolute alcohol, does not form iodide of starch 
with dry starch. (Payen; G-obley, J. chim. mid. 20, 121; Lang- 
lois.) Potato-starch, treated with alcohol and tincture of iodine, is 
coloured more or less brown ; otherwise the same phenomena occur as 
when pure alcohol is used. The blue coloration occurs only when a 
great excess of water is added, or when the alcohol has become dilute 
by evaporation and absorption of water. These phenomena are 
accounted for by the solvent power of alcohol for iodine being great 
enough to overpower the attraction of the starch for iodine. (Pohl, 
J. pr. Chem. 83, 37.) % — Starch-paste mixed with iodide of potassium 
is coloured blue by all re-agents which liberate iodine from metallic 
iodides, and hence by chlorine (Lassaigno ; Bottgcr, Ann. Pharm. 33, 
338 ; Wackenroder, jV. Br . Arch. 47, 166), fuming nitric acid (Walther, 
Qu. J. 3, 378 ; Harting, J. pr. Chem. 22, 46), bromine (Wackenroder), 
ozone (Schonbein, Fogg. 75, 356), oil of vitriol, sesquichlorido of iron, 
and many other bodies. Very dilute peroxide of hydrogen separates 
iodine either not at all, or very slowly, from a mixture of iodide of 
potassium and starch ; it acts quickly, however, if, free acid being 
avoided, a small quantity of a dilute aqueous ferrous salt is added. 
(Schonbein, Pogg. 112, 281.) 

The blue coloration of starch either docs not occur or is less pure 
In presence of tannic acid, a small quantity of gallic acid, pyrogallic 
acid or urine (Lowe, J. pr. Chem . 74, 358) ; in presence of saliva, blood- 
serum, and other substances, it is not produced until the liquid con- 
taining the starch has been mixed with 1 — 2 drops of tincture of 
VOL. xv, h 
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Iodine, then with a few drops of aqueous potash, and, lastly, supersa- 
turated with nitric acid. (Beehamp, N.J. Pharm . 27, 40<h) 

Starch is perceptibly coloured blue by ^oir.VoTf 1^* aqueous 
iodine, not by pt. (on tlie contrary : Stromeyer, Glib. 40, 140) j by 

chlorine in presence of ^oir.Voo iodine in the form of iodide of po- 
tassium (Lassaignc); by a small quantity of fuming nitric acid in 
presence of too, W o P*- iodide of potassium, very faintly in presence 
of pt. ; ’in the last case the coloration is prevented by chloride 

of potassium if the quantity of this salt present amounts to 10,000 
times as much as the iodide of potassium (Walther) ; it is pro- 
duced in presence of Tcro/ooo P*- iodine in the form of iodide of 
potassium, after some hours with xro.V oo- to ■sto.Voo' Pt* iodine in the 
same form ; not at all with a still smaller quantity. (Ilarting.) A 
solution of starch -paste con tabling from -^.VooPt- to 6 mriWpk iodine, 
as iodide of potassium, is coloured blue at 0° on addition of sulphuric acid 
containing by ponitric acid ; whereas, at 13°, the coloration is barely 
perceptible with wro/ooo l*t., at 20° with o-nwVoo l>t-, at 30° with 
pt. iodine. Ilence it results that the quantity of iodine 
required to colour aqueous starch -paste increases with the tempera- 
ture. (Fresenius, Ann. Pharm. 102, 184 ; Kopp’s J< thresher. 1857, 581.) 

Pure iodide of starch is obtained : 1. By adding iodine or alcoholic 
tincture of iodine to a filtered solution of starch-paste in concentrated 
hydrochloric acid, washing the resulting precipitate with water, till 
the liquid runs away colourless, and drying over oil of vitriol* 
(Fritzsclie.) — The compound thus prepared generally contains hydrochloric acid 
(Fritzsche, Bottger.) — 2. By mixing potato-starch paste containing’ 
iodide of potassium with an equivalent quantity of chlorine-water, 
and washing and drying the precipitate, which forms immediately. 
(Bottger.) Lassaigne triturates potato- starch with cold water, 
dilutes, washes, mixes the filtrate (which contains Lassaigne’s 
amidin) with aqueous or alcoholic iodine, and evaporates in vacuo. 
Lassaigne’s iodamidin thus prepared contains 41*70 p. c. iodine. 

Duroy (Oompt. rend. 51, 1031 ; Zeitschr . Ch, Pharm. 4, 88), who 
regards blue iodide of starch as coloured by excess of iodine, obtains 
his colourless iodide of starch — which, however, may be blued by chlo- 
rine or nitric acid— -by boiling aqueous blue iodide of starch till, it is 
decolorised, or by leaving it in contact with washed h (.un-yeast, and 
evaporating the decolorised solution. He frees the residue by alcohol 
from, the sugar which has been formed, colourless iodide of st arch then 
remaining in the form of a sweet gum. 

Iodide of starch heated in a retort becomes first darker, thou 
lighter, yields a distillate of aqueous hy dr iodic acid, acetic add and 
ompyreumatic oil, and leaves a residue of charcoal. (Pelletier.) Air- 
dried iodide of starch heated in a sealed tube to 1(52°, melts completely 
to a transparent, brownish-yellow mass, which becomes vitreous on 
cooling, dissolves in boiling oil of vitriol, and is precipitated therefrom 
in brown flocks by water. (Payen ; comp. Jacquelain.) 

Iodide of starch, whether dry or dissolved in water, is decolorised 
by exposure to sunlight (Kaspail, Gnibourt, Payen) ; the colour is re- 
stored hy ozone (Schonhcin, Fogg. 75, 354). 

Iodide of starch behaves like starch when agitated or triturated 
with water. — If it has been prepared from aqueous starch or in the 
manner above described, it dissolves readily in cold water, and is 
obtained unaltered by spontaneous evaporation, or by evaporation in 
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vacuo. (Fritzsche ; Jessen, Pogg. 100, 497; and others.) It is preci- 
.pitated from the aqueous solution by alcohol less easily than aqueous 
starch (Jessen); by isinglass, acids, and salts, and by cooling' (Payen). 
The easily-formed solution of Lassaigne’s iodamidin in cold water 
retains its blue colour unaltered for 4 years, and solidities at 5° to a 
dark blue mass, which, when thawed, deposits dark blue flocks soluble 
in water at 55° to G0°. Seput (JSf. J. Pharm, 21, 202) obtained an 
iodide of starch soluble in cold water, by heating 1 pt. iodine with 
3 pts. starch to 80 ° — 100° for half-an-liour, and then heating it, with 
agitation, to 130° — 140°. Magnes-Lahens (IV. J \ Pharm. 19, 243) 
obtained it by heating the same mixture in the water-bath for two or 
three hours, and washing out the excess of iodine with alcohol. The 
product thus obtained is called by Seput iodide of dextrin. 

A very dilute aqueous solution of iodide of starch, heated to 65° 
(Payen & Persoz), becomes colourless, but recovers its blue colour on 
cooling, provided it has not been boiled long enough to expel all the 
iodiue. With 100 pts. of boiling water, iodide of starch forms a 
colourless paste (Pelletier), which gives off the vapour or odour of 
iodine (Fritzsche). Decolorised iodide of starch is free from hydriodic 
acid (Pelletier, Fritzsche), contains iodic acid (Langlois), and hydri- 
odic acid (Lassaigne), and is therefore again blued by chlorine and by 
concentrated mineral acids, even if it remains colourless on cooling 
(Langlois, Pelletier) ; also by salts (Payen), not by vegetable acids or 
by dilute mineral acids, 'sulphurous acid, or carbonic acid (Pelletier). A 
concentrated aqueous solution of iodide of starch is not decolorised by 
boiling (Langlois $ comp. Jacquelain). 

The decoloration of aqueous iodide of starch by heat is due to the vo- 
latilisation of the iodine ; hence it does not take place (with concentrated 
iodide of starch) in a sealed tube, or when the liquid contains excess 
of iodine. If the iodine which evaporates on boiling be expelled by 
blowing air into the vessel, the iodide of starch remains colourless 
after cooling, but if it can reabsorb the iodine- vapours on cooling, the 
colour is restored. Dilute iodide of starch heated 30 or 40 times in a 
sealed tube is decolorised by each application of heat, but regains its 
blue colour on cooling*, without much decrease of intensity. (Baudri- 
mont, Compt • rend. 51, 825 ; Zeilschr. Ch. Pharm. 4, 27 ; — comp. Fold, 
J. pr. Chan. 83, 38.) — This statement does not accord with the 
observations of Kraut. When aqueous iodide of starch, which became 
colourless on being heated in an open tube, was enclosed in a sealed 
tube and immersed in the water-bath, decoloration took place as 
quickly as in an open vessel. Iodide of starch, which had been 
heated in a closed tube for a short time only, became blue again 
on cooling, but not that which had been heated for several hours. 
On adding more iodine after cooling', the blue colour was re- 
stored ; on sealing the tube and again heating, it was destroyed ; 
and on cooling, the colour was restored or not restored, accord- 
ing to the duration of the heating. At the same time hydriodic 
acid was produced, recognisable by cyanide of mercury. (Kr.) 
Decoloration of iodide of starch or its aqueous solution is produced 
by all re-agents which cause the iodine to enter into combination, 
especially by chlorine, the colour being then restored by zinc and 
dilute sulphuric acid (Henry & Humbert, Compt . raid. 47, 298) ; nitric 
acid, which converts the iodine into iodic acid, and destroys the starch 
(Langlois; Wackenroder, IL Br. Arch. 47, 166); sulphurous acid, 
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hydrosulphuric acid (Langlois); arsenious acid (Pisani) ; aqueous 
ammonia and potash (Pelletier), the blue colour being then restored 
by acids. Iodide of starch is likewise decolorised by terchloride of 
antimony, chloride of arsenic, terchloride of gold, ferrous, manganous, 
stannous, mercurous, mercuric, and silver salts. (Pisani.) Infusion 
of galls decolorises iodide of starch : hence certain roots containing 
both starch and tannin, are not blued by iodine till after addition of 
nitric acid. (Wackenroder.) Decoloration is also produced by 
pyrogallic acid, by wood- vinegar and by tobacco-vapour, after the 
compound has been moistened with acetic acid. (Lowe, J . pr. Chem. 
71, 353.) Slightly blued starch is decolorised by fixed oils. (Payen.) 
Alcohol and ether abstract part of the iodine from iodide of starch. 
(Payen, Langlois.) 

When starch-paste is mixed a with tincture of iodine, b with iodide 
of potassium, and both or only the latter with nitric acid free from 
nitrous acid, and bromine-vapour is made to flow on to the surface of 
both mixtures, a is completely decolorised, but b assumes an emerald- 
gneen colour, changing* to olive-green on further exposure to the 
bromine-' vapour, and finally to brown. The latter colouring is also pro- 
duced by chlorine or hyponitric acid, whereas the mixture of iodide of 
potassium and starch-paste (not containing free nitric acid) is not 
coloured emerald-green either by these re-agents or by bromine-water. 
(J. Reinsch, N. Jahrb. PJiarm.) 

C. With Bromine. — Bromide of Starch. — Formed by precipitating 
a solution of starch in hydrochloric acid with aqueous bromine.' — 
Orange-yellow powder, which cannot be dried without loss of 
bromine ; it loses its colour from above downwards, even while in the 
acid liquid, and is completely decolorised, with loss of bromine, by 
heat, hut re-assumes a pale yellow colour on cooling. (Fritzsche.) 

D. With Acids. — Sulphamidonic acid (p. 104). 

E. With Bases . — Amilate of Baryta. — By precipitating starch- 
paste with baryta- water. (Payen.) — Aqueous chloride of barium does not 
form any precipitate. (Payen.) — When baryta- water is boiled with 
potato-starch for half-an-hour, thick white lumps of amilate of baryta 
separate on cooling. (Zeise.) — Coherent precipitate becoming very 
tenacious after a while (Payen) ; it dissolves after some time in the 
precipitating liquid (Payen), or in water if washed for some time 
with that liquid, and is precipitated from the solution by baryta- 
water. (Zeise.) 

Amilate of Lime . — By precipitating thin starch-paste with lime- 
water. (Braconnot, Ann. CMm . Phys. 4, 372 ; Payen.) White flocks. 
(Braconnot.) Boiling starch-paste mixed with a few drops of aqueous chloride of 
calcium and a small quantity of aqueous potash sometimes throws down amilate of 
lime in the form of a jelly. (E. Schmidt, Ann . Pharm. 51, 31.) 

Starch-paste dissolves recently precipitated phosphate of lime. (Vau- 
quelin, J. Phys. 85, 126 ; Schmidt.) 

Amilate of Lead. — Basic. 10 pts. of starch are boiled with 1200 
pts. of water; the liquid is filtered; the boiling filtrate mixed with 
20 pts. of ammonia previously diluted with 40 pts. of water; the 
liquid added, with stirring, to a solution of 30 pts. neutral acetate of 
lead in 200 pts. water and 5 pts. ammonia ; the supernatant liquid 
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decanted from the precipitate after the lapse of an horn-, and the precipi- 
tate is treated four times with boiling water— being each time left to 
settle and the liquid decanted in close vessels — then washed on the 
filter with boiling water, pressed between bibulous paper, and dried in 
vacuo first over hydrate of potash, then, after pulverization, at 180°. 
(Payen,) When aqueous starch free from ammonia is precipitated with ammoniacal 
aqueous solution of neutral acetate of lead, the precipitate contains a smaller quantity 
of lead-oxide (54" 73 to 56'45 p. c. according to Payen) 5 similarly when, it is preci- 
pitated by a solution of basic nitrate of lead and the precipitate dried in vacuo at 100° 
(28 p. c.). (Berzelius.) Aqueous starch is also precipitated by basic and neutral 
acetate of lead without the aid of ammonia (Caventou ) ; not by the neutral acetate, 
(Thomson, Trommsdorff.) 

Payen. 
at 180°. 

24 C 144*0 .... 19*1 .... 19*40 

18 H 18*0 .... 2*4 .... 2*37 

18 0 144*0 .... 19*2 .... 19*35 

4 PbO 446*8 .... 59*3 .... 58*88 

C 24 H ls Pb 2 O 20 ,2PbO ? 752*8 .... 100*0 .... 100*00 

Payen regards the compound as C 12 H 9 0 9 ,2Pb0, according to which formula, it 
should give up 1 at. HO at 180° in exchange for PbO. Since, however, starch-paste 
heated with 2 pts. oxide of lead, first to 140°, then to 180° in vacuo, gives off only traces 
of water, Mulder (J. y;r. Chem. 15, 300) is of opinion that the oxide of lead, in combining 
with the starch, cannot take the place of water. Payen’s compound of starch with 
oxide of lead dried at temperatures below 130° still contains unaltered starch and 
traces of dextrin, turns yellow at 160°, lemon-yellow after some time at 1 79 °, gives 
off only 0*5 p. c. water between 129° and 179°, but contains together with the unaltered 
starch a larger quantity of dextrin (Berzelius). — It is not converted into dextrin at a 
temperature of 170° — 180°, and it is only after addition of acid that it swells up in 
hot water, is blued by iodine, or converted by diastase into sugar (Payen). 

Solution of borax coagulates starcli-paste (Hofer), not in presence 
of free acid or of tartrate of potash. (Lo wig, Org. Verb . 1, 374.) 

Aqueous nielcel-ammonia neither causes starch to swell up nor 
dissolves it. (Schlossberger, Ann, Pharm, 107, 22 ; J, pr. Chem, 
73, 370.) 

Aqueous ferric sulphate does not precipitate starch-paste (Payen) ; 
starch-paste also prevents the precipitation of ferric salts by alkalis. 
(II. Kose.) 

Starch is insoluble in aqueous basic sulphate or hyposulphate of 
cuprammonia (Schwcizer, J. pr. Chem, 72, 111), even when heated, 
but swells up strongly therein (Schlossberger, An n, Pharm, 107, 23; 
J, pr, Chem. 73, 370). The power of tlic solution to make starch 
swell up is limited ; its action extends from without inwards, and 
causes the swollen starch-grannies to appear darker than the sur- 
rounding liquid. (Cramer, Chem, Centr . 1858, 57; J. ‘pr, Chem. 73, 
13.) — When aqueous sulphate of cuprammonia is poured upon wheat- 
starch, the granules swell up strongly, and an insoluble violet com- 
pound (cmilate of copper) is formed, containing 12*75 p. c. cupric oxide, 
ammonia slowly decolorises it, and removes the copper. When cold 
dilute acids are poured upon this compound, it swells up strongly, and 
finally dissolves with the exception of the enlarged envelopes of the 
starch-granules. (Payen, Gompt. rend. 48,_67.) 

Starch boiled with water forms a precipitate with aqueous nitrate of 
silver ; this precipitate is more copious with arrow- root than with 
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potato-starch. (Schmidt, JV. Br. Arch . 19, 195.) Starch boiled with 
90 pts. water dissolves nitrate of silver. (Thomson.) 

Starch-paste prepared with 1 pt. starch to 90 pts. water does not 
precipitate : cobalt-salts , zinc* salts, stannous , ferrous , ferric , or cupric 
salts , nitrate of lead , mercuric nitrate , terchloride of gold , or bichloride of 
'platinum. (Thomson.) Starch-paste prepared with 1 pt. wheat-starch 
and 50 pts. water does not precipitate; uranic nitrate , manganous 
sulphate, tartar-emetic , nitrate of zinc, chloride of cadmium , chloride of tin , 
sesquichloride of iron, the salts of cobalt , nickel, copper, or silver, mercuric 
nitrate, terchloride of gold, chloride of platinum , or chloride of palladium. 
(Trommsdorff, Tascheub. 1824, 24.) Thin starch-paste heated to 50°, 
does not precipitate aqueous acetate of alumina or ferrous sulphate , but 
produces a slight turbidity in mercurous nitrate . 

Infusion of galls added to thin starch-paste produces an abundance 
of grey flocks (Thomson; Payen & Persoz), which are partially 
decomposed and leave a residue of starch when completely washed with 
alcohol (Thomson); and also when washed with cold water. (Kali- 
nowsky, J. pr. Ohm. 35, 201.) The flocks disappear on heating the 
liquid, above 49°, reappear below 49°, and dissolve in excess of the 
infusion of galls. (Thomson.) If the infusion of galls be slowly 
added, they dissolve at first, but not afterwards ; they are likewise 
insoluble in a large quantity of water, and are deposited on adding 
more of the infusion of galls. (Payen.) The dried precipitate is 
brownish yellowy translucent, brittle, and has a harsh taste. (Thomson.) 
Tasteless. (Kalinowsky.) 

Starch is insoluble in alcohol, in ether, and in oils, both fixed and 
volatile. From impure starch, these solvents remove chlorophyll, wax or fat. — 
Starch swells up when glycerin is poured upon it. (Cap & Garot, JV. J. Pharm. 


Appendix to Starch. 

1. Becliamp’s Soluble Starch. 

Distinguished by B€champ, as a substance differing from common starch and from 
dextrin. He regards it as identical with the substance originally called dextrin by 
Biot (not that to which the name dextrin is now applied). Inspecting Maschke's 
soluble starch, see page 82. 

Formation. Common starch is converted into soluble starch by hot 
dilute acids, diastase, concentrated acids, either cold or hot, and 
solution of chloride of zinc. — When starch is subjected to the action of dilute 
acids or of diastase, it is first disorganised, then converted into a substance which is 
not immediately blued by iodine (Saussure’s Lignenx amylaci), then into a substance 
which dissolves only in water at 80°, and separates again as the solution cools 
[Jacquelain’s Granules de fecule, Schulze’s Amidulin (J. Pr. Chem , 14, 178)1, and 
finally inta soluble starch. - Soluble starch is produced, without previous 
disorganisation, ^ by the action of glacial acetic acid on starch. 
(Bechamp.) — It is likewise obtained by treating xyloidin with aqueous 
protochloride of iron. (Bechamp, Compt. rend . 37, 134.) 
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Preparation . — Starch-paste is subjected to the action of diastase or 
of dilute sulphuric acid, till the mixture is coloured by iodine, no longer 
blue but violet, the liquid is then saturated with carbonate of baryta, 
or the action of the diastase is interrupted by boiling, the filtrate is 
precipitated with alcohol, and the precipitate is washed with alcohol 
and dried. — 2. One part of starch is heated with 4 pts. glacial 
acetic acid to 100° in a sealed tube for six hours, and the contents 
of the tube arc washed on a filter with alcohol, and dried. — 3. Starch 
covered with 2 pts. of ordinary and 1 pt. of fuming nitric acid, is left 
to stand in a covered vessel at 18° — 20°, till it is converted into a 
clear, transparent mass, — or a thick mixture of starch and nitric acid 
is heated till it gives off red vapours ; alcohol is added in either case ; 
and the insoluble residue is washed with alcohol, and dried over oil of 
vitriol. — 4. Three parts of starch are triturated with 2 pts. oil of 
vitriol ; the stiff white paste is covered with alcohol after the lapse of 
half-an-hour ; and the insoluble residue is purified by washing with 
alcohol, solution in water, and precipitation with alcohol. — 5. "Xitra- 
midin, binitramidin, or one of the compounds isomeric therewith 
(pp. 106 — 112), is heated with a rather dilute and perfectly neutral 
solution of protochloride of iron, keeping the temperature below 
100°, and adding iron filings to prevent the formation of free 
hydrochloric acid, which would transform the starch into dextrin. 
As soon as the evolution of nitric oxide ceases, the liquid is 
quickly cooled, filtered, mixed with alcohol, and left to stand for 
twenty-four hours. It then deposits an ochreous mixture of starch 
and ferric oxide, which is washed with alcohol and dissolved in water; 
the filtered solution is treated with excess of baryta, and the resulting 
precipitate of amilate of baryta is washed with water containing a 
little baryta, then suspended in water and decomposed by carbonic 
acid. The colourless filtrate, concentrated and freed from dissolved 
carbonate of baryta by heating in the water-bath, is then mixed with 
very strong alcohol, which precipitates the starch in very minute 
granules, to be purified by, repeated washing with nearly absolute 
alcohol, and drying in vacuo over oil of vitriol. (Bechamp, A r , Ann. Chim. 
Phys. 64, 329.) % 

Properties . White powder, or if obtained by evaporating the 
aqueous solution, gummy transparent mass. If prepared with glacial 
acetic acid, it does not differ in appearance from ordinary starch. 
— Rotatory power [«] = 211° to the right. (Bechamp; Berthelot, 
N. Ann . Chim. Phys. 48, 495.) 


24 C 

144 ... 

44*44 .. 

BScbamp. 
at 20°. 
44*34 

20 H 

20 ... 

6*17 .. 

6*44 

20 O 

160 ... 

49*39 .. 

49*22 

C- { H 20 O 20 

324 ... 

100*00 

100*00 


By the further action of the dilute acids or of the diastase used 
in its preparation, it is converted into dextrin, sugar, and noil-fer- 
mentable amylin ; by oil of vitriol or chloride of zinc, it is little, if at 
all, converted into dextrin and sugar. 

Soluble starch dissolves readily in water, whether hot or cold ; — 
the solution is not rendered turbid by cooling or by evaporation to a 
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syrup ; neither does it suffer any alteration of rotatory power by 
keeping'. 

Soluble starch in the solid state or in solution, is turned blue by 
iodine , forming' soluble iodide of starch. It is precipitated from its 
solution by lime or faryta-ivatcr, by alcohol , and by tannin. (Bechamp.) 


2. Sulphamidonic Acid. 


Fehling. Ann. Pharm. 55, 13. 

Bloxdeau de Oaeolles. Rev . sclent. 15, 69 ; abstr. J . pr. Chem. 33, 

439 ; Ann. Pharm , 52, 416. 

Knowa chiefly in combination with bases. — By the action of oil of vitriol 
upon starch, compounds are produced, containing, according to the 
quantity of the oil of vitriol, the duration of the action, and the limits 
within which the temperature is restrained, from 12 to 44 at. 0, and 12 to 
39 at. H andO, to 2 at. sulphuric acid. See the baryta-salts. (Fehling.) 
The product obtained by 8 or 10 days’ action of oil of vitriol on starch contains dextrin 
and sugar as well as sulphamidonic acid. 

The aqueous acid is obtained by decomposing the lead-salt with 
sulphuretted hydrogen. On evaporating the filtrate separated from 
the sulphide of lead in vacuo at 10°, there remains a white, non-crys- 
talline, acid, deliquescent mass, whose concentrated solution blackens 
at 100°, and decomposes readily, even at ordinary temperatures, with 
formation of sulphuric acid, dextrin, and sugar. (Fehling.) 

If the solution obtained by adding starch to oil of vitriol and 
diluting with water, be neutralised with alkaline or metallic carbonates, 
the sulphamidonates are produced. These salts are amorphous, swell 
up and give off vapours of sulphuric acid when heated ; are decom- 
posed by chlorine with formation of hydrochloric acid ; and dissolve 
readily in water. (Blondeau.) 

Sulphamulo/iate of Baryta. — When the solution obtained by adding* 
starch to oil of vitriol and diluting with water, is neutralised with 
carbonate of baryta, and the filtrate is evaporated in a current of air at 
25°, non-crystalline baryta-salts remain, which, after drying in vacuo, 
may be heated to 100° for three or four hours without alteration, 
dissolve easily in water, and are decomposed when heated therewith, de- 
positing sulphate of baryta. These baryta-salts differ in composition 
according to the quantity of oil of vitriol used, and the time during 
which it has remained in contact with the starch. 

a. By 12 hours’ action of 24 pts. oil of vitriol on 1 pt. starch = 
C 12 H 11 0 11 ,S0 3 .Ba0,S0 3 . — b . By "24 hours’ action of the same = 
€ 16 H 11 0 11 ,S0 3 .Ba0,S0 3 - — c. By 3 hours’ action of 14 pts. oil of vitriol on 
1 pt. starch rr O 20 H i6 O 16 ,SO 3 . BaO,SG 8 . — <L By 24 hours’ action of 2 pts. 
oil of vitriol on 1 pt. starch = G 24 H 2 °0 20 ,S0 3 . BaO,S0 3 —e. By 48 hours’ 
action of 14 pts. oil of vitriol on 1 pt. starch — C 28 H 24 0 24 ,S0 3 .Ba0,S0 3 . 
— ~f By 48 hours’ action of % pts. oil of vitriol on 1 pt. starch = 
C 33 H 26 0 5!S ,S0 3 .Ba0,S0 3 — g. By 72 hours’ action of 14 pts. oil of vitriol on 
1 pt. starch = C^O 30 , SO 3 . Ba0,S0 3 .-/n By 60 hours’ action of 
24 pts. oil of vitriol on 1 pt. starch = C 40 H 32 0 32 ,S0 3 . BaO,S0 3 . — L By 
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H hours’ action of li pts. oil of vitriol on 1 pt. starch = C 44 H 38 0 38 , 
SO 3 . BaOjSO 3 . (Fehling.) 


Fehling. 
Dried at 100°. 


a ‘ c ■ e. f. g. 7). i. 

C 22*28 25*25 28*19 29*82 31*62 33*61 31*68 35*27 35*2 

H 3 ‘80 3*87 4*32 4*40 4*86 4*99 5*15 4*92 5*4 

O — 29*42 30*73 33*41 35*38 ~ 

SO 3 — 10*56 9.46 8*27 7*18 — — — — 


BaQ,S0 3 .... 35*30 35*90 27*30 24*10 20*96 19*87 16*65 17*17 15*1 

100*00 100*00 100*00 100*00 


Sulphamidonate of Lime . — By saturating the solution of starch in 
oil of vitriol with carbonate of lime, and evaporating the filtrate. 

a. After the oil of vitriol had acted for some time on the starch 
= C 28 H 24 0 24 ,S0 3 . CaO,S0 3 . 2HO ; resembles gum arabic. (Blondeau de 
Carolles). — b. After a mixture of 1 pt. starch and 2 pts. oil of vitriol 
had been immediately diluted with water, saturated with carbonate of 
lime, the filtrate evaporated to a syrup, and precipitated with a large 
quantity of alcohol, and the resulting viscid precipitate washed with 
alcohol and dried in vacuo ; c. after the mixture had stood for 24 hours ; 
cl. after it had stood for 7 days, and been treated like b. = C^IPO 32 , 
CaO,S 2 0 5 (Kalinowsky) ; but according to Gerhardt (JSf. J. Pharm. 8, 
309), C 34 !PCa0 24 , 2 SO 3 . 



Blondeau de Carolles. 


v. Kalinowsky. 



a. 

1. 

c. 

d. 

at 30° 

— 40° in vacuo. 

Over oil of vitriol in vacuo. 

C.... 

29*49 

34*43 . 

34.94 .... 

33*78 

II.... 


5*64 . 

5*70 .... 

5*68 

O.... 

43*61 

37*61 . 

37*76 .... 

42*79 

CaO 

5*68 

5*65 . 

5*20 .... 

4*75 

SO 3 

16*00 

16-67 . 

16*40 .... 

1300 


100*00 

. 100*00 . 

....... 100*00 .... 

100*00 


Sulphamidonate of Lead. — Obtained by immediately saturating the 
solution of starch in oil of vitriol with carbonate of le$d, of the 
composition a = C 36 H 3G 0 3 ,S0 s .Pb0,S0 3 ,2H0 ; hut if the solution is left for 
36 horns before saturation, the salt has the composition 5=C 24 IP0 24 ,S0 3 . 
Pb0,S0 3 ,2H0, (Blondeau de Carolles.) 

Blondeau de Carrolles. 
a. h. 

at 30° — 40° in vacuo. 

C 28*31 24*98 

H 5*00 4*48 

0 40*23 .. 36*81 

PbO 15*40 14*11 

SO 3 11*06 19*62 


100*00 


100*00 
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3, Nitramidin. 
0 12 NB?0 14 = C IS XH 9 0 10 ? 


Bracoxxot (1833). Ann. Chim . Phys. 52, 200; Pogg. 20 3 170; Ami. 

Pharm . 7, 245 ; abstr. Seine. 68, 368. 

Liebig. Ann. Pharm . 7, 249. 

Payex. JS r . Ann. Sc. nat. Pot. 10, 161. 

Pelouze. Compt. rend. 7, 718 ; J. pr. Ckem. 16, 168. — Compt . rend. 

23, 890 ; J. pr . Chem. 40, 200. 

Gladstone. Mem. Chem. Soc. 3, 412. — Pharm. J. Trans. 18,215. 
Bogus-Ballot. Schell:. Onderzoeh. Utrecht, No. 3 ; J. pr. Chem. 81, 

309 ; Am. Pharm. 45, 47. 

Bechamp. A r . Ann. Chim. Plugs. 46, 338; abstr. Compt. rend. 41, 817 ; 

J. pr. Chem . 68, 61. — Further, JSf. Ann. Chim . Plugs. 64, 311. 

Explosive Starch , Xylo'idin. Pyroxam t Amidon mononitre, Fecule nilrioue, 
Fecule mononiirique. 

Discovered and named by Braconnot in 1333; examined by Pelouze and more 
recently by Bechamp. 

Formation. 1. By the action of strong’ nitric acid of sp. gr. 1*52 
(or of red fuming nitric acid : Liebig , Gladstone ), on starch in the cold 
(Braconnot, Pelouze). Starch is likewise converted into nitramidin by nitric acid 
of sp gr. 1 * 414 * but not by weaker acid. (Gladstone.) — Bechamp lias shown 
that there are two modifications of nitramidin, one insoluble or nearly 
so in ether-alcohol, acetone and wood-spirit ; the other (isonitrainidiu) 
soluble in those re-agents. The production of one or the other of 
these modifications depends chiefly on the temperature, nitramidin 
being produced when the liquid is kept cool ; isonitrainidiu when the 
temperature is allowed to rise. If the product is left too long in 
contact with the acid, it is destroyed and converted into an acid, probably 
saccharic acid. This effect had been observed by Pelouze, who attributed it to 
the presence of an excess of nitric acid ; but according to Bechamp, an excess of acid 
has no influence on the result, unless the starch is very dry, and the acid very highly 
concentrated, in which case a certain quantity of binitramidin is produced. — 2. By 
the action of strong nitric acid on glycogen. (Pelouze, Compt. rend . 
44, 1321 ; J. pr. Chem. 73, 249.) 

A product agreeing’ in composition and properties with nitramidin 
is formed when wood-shavings, liuen, or cotton is heated with strong 
nitric acid. (Braconnot, Payen.) Strong nitric acid of sp. gr. 1*5 
dissolves cotton at 30° — 35°, forming a thick transparent gum, from 
which water throws down nitramidin. (De Yrij, Compt . rend. 24, 19.) 
The identity of these products with nitramidin appears doubtful. (Kr.) 

Preparation. Starch is dissolved in cold concentrated or fuming 
nitric acid, the gummy solution is immediately mixed with water, and 
the tenacious transparent precipitate is washed with water and well 
dried. (Braconnot, Bechamp.) — The starch should be quickly and 
intimately mixed with fuming nitric acid, by triturating it in small 
portions in a glass mortar, and the translucent gelatinous solution 
immediately diluted with water, whereby coarse-grained nitramidin is 
produced. (Ballot) — f . I pt. of starch dried at the temperature of 
the air (20°), is mixed with 5 to 8 pts. of fuming’ nitric acid, by fcritu- 
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ration in a thick porcelain mortar (to avoid rise of temperature), till 
it is reduced to a perfectly transparent semifluid mass without any 
trace of granules, and 20 to 30 pts. of water are added at once, the 
trituration being constantly kept up. The compound then separates 
in the form of a curdy precipitate, easily pulverized under water. It 
is washed with distilled water, and dried at the temperature of the air or 
in a hot-air chamber. (Bechamp.) 

To purify this product, it is dissolved in a cold mixture of 10 pts. 
glacial acetic acid and 1 pt. bihydrated acetic acid [C 4 H 4 0 4 ,2H0; sp. 
gr. 1*073 ] ; the solution is filtered, distilled water gradually added, the 
viscous mass which falls to the bottom is separated from the super- 
natant liquid by decantation, and a larger quantity of water is added ; 
a pulverulent precipitate is then formed, which must be collected on a 
filter, washed and dried. (Bechamp.) f 


Properties. White powder. Coarse-grained (Ballot) ; sandy, con- 
sisting of tough opaline vesicles (Reinsch, JV. Report, 3, 181). Taste- 
less. (Braconnot, Liebig.) Has a scarcely perceptible bitter taste. 
(Reinsch.) Neutral. (Braconnot.) Poisonous. (Baker Edwards, Chem. 
Centr . 1849, 48.) Rotatory power of nitramidin [a] = 155*96° to the 
right. 


Calculation according to 

Bechamp. 

Gladstone. 

Bouijs- 

Petten- 

Laurent and Bechamp. 


Ballot. 

kofer. 




mean. 


mean. 


12 C 

. 72 . 

.. 34*78 

.... 34*53 . 

... 30.97 .. 

.. 37*02 

.... 36*76 

N 

. 14 . 

.. 6*76 



5*53 

.... 5*65 

9 H 

„ 9 . 

.. 4*34 


4*35 .. 

4*82 

.... 4*79 

14 O 

. 112 . 

.. 54*12 



52*63 

.... 52*80 

C i2NH 9 0 14 .. 

... 207 . 

... 100*00 



100*00 

.... 100*00 


According to Pelouze and others, it is C^H^O 14 or C 12 H 9 0 9 ,N0 5 ; according to 
Laurent (JV. Ann. Chim. Pkys. 19, 374) it is C 24 XH 10 O 2 ° or C 24 X 2 H 18 0 20 . Ballot con- 
cludes, from, its reaction with alkalis (yid. inf.), that it is a mixture of two different 
substances. 

■ff Bechamp has shown (N. Ann. CMm. Phys. 64, 316) that the product formed 
by the action of nitric acid on starch has, for the most part, the composition 
C 12 NH 9 0 14 or C 24 N 2 H. 18 0 28 , hut that when the starch is very dry and a large excess of 
acid is used, a certain quantity of binitramidin may likewise be formed : a. 5 grammes 
of starch dried at 20° (corresponding to 4*5 grin, dried at 100°) triturated with 20 grm. 
of nitric acid (obtained by distilling 1 at. of dry nitrate of potash with rather more than. 
2 at. strong sulphuric acid) yielded a product weighing 5*76 grms. — b. 5 gnus, of the 
same starch, triturated with 50 grms. of the same nitric acid, yielded 5*95 grms. of 
product dried in vacuo. — c. 5 grms. starch, dried at 100° and 40 grms. nitric acid yielded 
5*78 grms. product dried in vacuo. — d. 5 grms. starch, dried at 20° and 60 grms. nitric 
acid yielded 5*7 grms. product dried in vacuo. — e. 5 grms. starch, dried at 100°, and 
60 grms. nitric acid yielded 7*24 gnus, product dried in vacuo. — The experiments 
a , A c„ d, give, as a mean result, 125*7 pts. of nitramidin for 100 pts. of starch, 
C 12 H 10 O 10 or C 24 H 20 O 20 . The quantity calculated from the formula C 1>2 NH 9 0 10 or 
C 24 N 2 H 1S 0 2 ° is 127*8. — In the last experiment, e, the increase of weight is much more 
considerable, probably in consequence of the formation of a more highly nitrated com- 
pound. 

Bechamp regards nitramidin and the three compounds next to be described, as nitrates 
corresponding in constitution to the nitric ethers (assigning to nitramidin, for example, 
the formula C 12 H 9 0 9 ,N0 5 ), and not as products analogous to nitrobenzene, &c. : 
1. Because, when heated with reducing agents — ferrous-acetate, for example, — they 
yield, not amidated products, in which NO 4 is replaced, by NH 2 [ e.g , aniline C 12 H 5 (NH-) 
from nitrobenzene C I2 H 5 (N0 4 )], but soluble starch (p, 102), a compound free from nitro- 
gen ; just as the nitric ethers, when treated in like manner, reproduce the correspond- 
ing alcohols.— 2. Because, when they are dissolved in strong sulphuric acid and the 
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solution is diluted with water and distilled, aqueous nitric acid passes over, not accom- 
panied by red vapours. — 3. Because the optical rotatory powers of these compounds, 
as determined by observation, are nearly the same as those which calculation would 
assign to mixtures of an active molecule of hypothetically anhydrous starch C 12 H 8 0 8 , 
with the inactive molecules HO, NO 5 in nitramidin and 2N0 5 in binitramidin. [For 
the details of these calculations see the original memoir (AT, Ann. Chim, Phys . 64, 
341.)]. «[. 

Decompositions . 1. Spontaneous decomposition. Nitramidin, after 
"being kept for sis years, suddenly began to give off gases, including 
hydrocyanic acid, and after a few weeks left a small quantity of a 
turbid liquid. (Gladstone.) According to Bechamp, it may be kept without 
alteration for an indefinite time — %. Nitramidin detonates slightly when 
heated (Braconnot), giving off a small quantity of nitrous acid 
(Liebig), not by pressure or percussion (Pelouze). "When heated on 
paper, it does not melt, hut becomes carbonised, without setting fire 
to the paper. (Braconnot.) It takes fire at 180° (Pelouze), at 182° 
(Gladstone). 

According to Be champ’s earlier experiments, it takes fire between 
180° and 190°, leaving a large quantity of charcoal; according to his 
later experiments, it begins to give off red vapours at 198°, 
when heated in a test-tube, and deflagrates slowly between 198° and 
200 leaving a black residue, without leaving any charcoal. (Pelouze.) 
— Nitramidin subjected to dry distillation gives off a yellow distillate 
containing acetic acid, leaving charcoal amounting to \ of its weight. 
(Braconnot, Pelouze.) 

3. Nitramidin is dissolved by nitric acid of sp. gr. 1*25, or higher. 
The solution in nitric acid of sp. gr. 1*414 acquires a yellowish red colour, and 
after some days no longer deposits xyloidin on addition of water, but contains an 
acid similar to saccharic acid (xi. 513), which is likewise formed on boiling starch 
with strong nitric acid, and is easily transformed by heat into a black acid, which, 
when boiled with nitric acid, is converted into oxalic acid, without evolution of 
carbonic acid. (Pelouze, Payen.) — Nitramidin dissolved in fuming* nitric 
acid separates as pyroxylin, on mixing the solution with an equal 
volume of oil of vitriol. (Cottereau, Compt. rend. 24, 305.) II From 
Bechamp 5 s experiments, it appears probable that the product thus obtained is not 
pyroxylin but binitramidin (p 110) With oil of vitriol , nitramidill forms 
a colourless solution, from which it is not precipitated by water 
(Braconnot) ; this solution easily and quickly decolorises solution of 
indigo, and gives off nitrous gas when treated with copper. (Liebig.) 
— 5. Nitramidin treated with a warm aqueous solution of protochloride 
of iron, gives off nitrous gas, and is converted into soluble starch. 
(Bechamp.) 

C l2 NH 9 0 14 4- 6FeCl 4- HO = Fe-03 + 2Fe-Cl 3 + NO- + c E H w O Il \ 

In contact with ferrous sulphate, it exhibits the coloration character- 
istic of nitrates. (Cottereau, Compt. rend. 23, 1157.) 

G. Nitramidin is not dissolved by aqueous alkalis (Pelouze, Be- 
, champ) ; becomes translucent and glutinous when immersed therein. 
(Braconnot.) — According to Ballot, it dissolves partially. The portion soluble in 
weak aqueous alkalis (not in ammonia) contains, after precipitation with acetic acid 
and washing of the flocculont precipitate with the same acid, 38*01 p. c. C. and 4*94 H. 
(C 12 H 9 N O 12 ) ; the insoluble portion which sinks to the bottom, and, after careful 
washing, appears white and pulverulent, contains 36*94 p- c. C. and 4*51 H. (C L 'H 9 N0 12 ). 
— Nitramidin after thorough washing with alcohol, and then with weak aqueous potash, 
contains 37*32 p. c. C. and 5*17 H. (Ballot) 
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Combinations. Nitramidin is insoluble in water. (Braconnot, 
Pelouze.) Ifc softens in boiling water. (Braconnot.) It decolorises alcoholic 
tincture of iodine, forming a yellow compound. (Braconnot.) 

It dissolves in strong hydrochloric acid , especially when heated 
(Braconnot, Gladstone), with rapid decomposition (Bechamp). It is 
nearly insoluble in pure glacial acetic acid , but dissolves easily in that 
acid mixed with T V of the bihydrated acid, C 4 H 4 0 4 ,2H0. (Bechamp, 
JSf. Ann. Chim. Phys. 64, 320.) When moderately heated with glacial acetic 
acid, it dissolves to a thick mucus, which coagulates on addition of water, and leaves a 
colourless varnish when evaporated (Braconnot). Xyloidin prepared from cotton 
separates, when precipitated from its solution in acetic acid, as a coagulated mass ; 
that prepared from starch separates in the form of a powder. (De Vrij.) 

Nitramidin is insoluble in aqueous ammonia. (Braconnot, Ballot.) 

It does not dissolve in alcohol , ether (Braconnot, Bechamp), or 
ether-alcohol (Bechamp). With anhydrous ether it forms a jelly which, 
dries np on evaporation to a white opaque film. '(Schonbein ; Bottger, 
Pogg. 70, 820.) — Xyloidin prepared with nitric acid dissolves in ether; that which 
is prepared with a mixture of nitric and sulphuric acid, dissolves in ether-alcohol. 
(Flores Domonte & Menard, Compt rend. 23, 86). Nitramidin is insoluble in 
chloroform , acetic ether and benzene , slightly soluble in wood-spirit. In 
acetone it appears to soften, but does not dissolve. (Bechamp.) 


f 4. Isonitramidin. 

G 1Z N IPO 14 = C 12 XIF0 1D f 
Bechamp. JY Ann. Chim . Phys. 64, 320. 

Fecule mononitrique soluble , Fe'cule isomomonitrique 

Formation and Preparation. The same as for nitramidin (Bechamp), 
excepting that the nitric acid must be present in greater excess, and 
the temperature allowed to rise. Starch triturated with 10 or 12 
times its weight of fuming nitric acid in a rather thick glass vessel, so 
that the heat developed by the reaction may not be too quickly dissi- 
pated, is converted in six or eight minutes into a yellow, slightly 
viscid, perfectly transparent liquid, which, when poured into 30 times 
its, volume of water, yields a precipitate less curdy and more pulveru- 
lent than nitramidin precipitated in like manner. It is purified by 
dissolving it in ether-alcohol, filtering, and leaving the ether to evapo- 
rate. It is then deposited as a pulverulent mass, which may be dried in 
a hot-air chamber. 

Properties . White powder. Rotatory power (determined on the 
acetic acid solution), [a] — 156*96° to the right. 


12 C 

72 . 

... 34*78 ... 

Bechamp. 
35*46 

N 

.... 14 . 

6*76 ... 

6*71 

9 H 

.... 9 . 

... 434 ... 

4*44 

14 0 

.... 112 . 

... 54*12 ... 

53*39 

C 12 NH 9 0 14 . 

.... 207 . 

... 100*00 

100*00 


Respecting the rational constitution, see page 3 07. 
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Decompositions . At ordinary temperatures it may be preserved 
indefinitely without alteration. A sample prepared in 1854 has been preserved 
unaltered up to the present time (summer of 1359), in the climate of Montpellier. 

Heated in a tube, it begins to give oil red vapours at 170°, and 
deflagrates at about 172°, leaving* a small quantity of white matter. 
By protochloride of iron , it is decomposed in the same manner as 
nitramidin, yielding* soluble starch, (p. 108.) 

Combinations. Insoluble in water. More soluble than the preceding' 
in glacial acetic acid. In alcohol of 95 per cent., and in ether it does not 
dissolve, but merely softens; but in a mixture of ether and alcohol con- 
taining excess of the former it dissolves with great facility. Slightly 
soluble in nearly absolute alcohol ; insoluble in chloroform; easily soluble 
in acetone , acetic ether , and mcthyiic alcohol. The solubility of the compound in 
certain menstrua appears to vary with the temperature at which it is prepared ; the 
product to which the preceding statements apply was prepared at 20° ; but another pro- 
duct prepared at 34° with 1 pt. of starch dried at that temperature and 10 pts. of 
fuming nitric acid, dissolved easily in alcohol of 95 per cent. 


IT 5. Binitramidin. 


cr-X’HX ) 18 = c r -s 2 ii s o 10 ? 


BiJcnAMP. JV. Ann. Chim. Phys. G4, 322. 

Binitramidin , Nitroxyloidin , Fccule diniiriqite. 

Formation. 1. By the action of oil of vitriol on the mononitrated 
compounds isobinitramidin being formed at the same time. — 2. Occa- 
sionally together with nitramidin, by treating dry starch with excess 
of nitric acid (see experiment e. p. 107). 

Preparation. 1 pt. of starch dried at 20° is dissolved in 12 pts. of 
fuming nitric acid, and the solution, filtered if necessary through 
pounded glass, is placed in a freezing* mixture and quickly mixed with 
8 pts. oil of vitriol, whereupon the mixture soon becomes turbid and 
deposits a soft white, very bulky mass The whole is then quickly 
poured into a large quantity of cold water, care being taken to divide 
the solid mass and mix it up well, so as to avoid any great rise of tem- 
perature in particular parts. The product, which is a white powder 
resembling nitramidin, but more finely divided, is freed from sulphuric 
acid by washing with a large quantity of water, then dried in the hot- 
air chamber. 

The product is chiefly a mixture of binitramidin and isobinitramidin 
mixed, however, with small quantities of the mononitrated compounds. 
— Two experiments gave 147 and 150 pts. of dried product from 100 pts. of starch; 
•according to the formula C 12 N 2 H S G 18 it should be 155*6. _ To separate the tWO 
binitrated compounds, the dried powder is treated with alcohol of 96 
p.c. first in the cold, then at 40°, which dissolves the isobinitramidin 
•and leaves the binitramidin. The latter, after washing with alcohol, is 
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dissolved in ether containing alcohol, and the filtered solution is eva- 
porated, either in the open air, or in an air-bath heated to 25° or 30°. 

Properties. White mass easily pulverized. 

Becliarap. 

12 C 72 .... 28*57 .... 27*7 29*6 

2 N 28 .... 17*11 

8 H 8 .... 3*17 .... 3*47 

18 0 144 .... 51*15 

C ]2 N 2 H 8 0 1S 252 .... 100*00 

According to B6champ, the rational formula is C 12 H S G S ,2N0 5 . 

Decompositions , 1 . Binitramidin is much more disposed to spon- 

taneous decomposition than mononitramidin, giving off red fumes a 
few days after its preparation. — 2. When heated in a test-tube, it 
begins to give off red vapours at 175°, emits them in abundance be- 
tween 175° and 178°, and deflagrates rapidly with a hissing noise at 
the last-mentioned temperature, leaving only a small quantity of white 
matter. — 8. Mixed with pounded glass and subjected to dry distillation 
in a combustion-tube connected with a cooled U-tube, it gives off: a. 
A gaseous mixture containing at different stages of the distillation 
from 01 to 42 p. c. nitric oxide, from 11 to 23 p. c. carbonic acid, from 
29 to 27 p. c. carbonic oxide, a small quantity of nitrogen, and at the 
commencement of the distillation hydrocyanic acid, the disengagement 
of which however ceases at an early stage ; — b. An acid liquid, 
which has a disagreeable odour of tobacco-smoke, and quickly reduces 
nitrate of silver, especially with the aid of heat; — c. Charcoal, which 
forms a shining deposit on the inner surface of the tube.' — 4. 
Binitramidin is reduced by ferrous salts in the same manner as 
nitramidin, yielding soluble starch : 

C 12 N 2 H s 0 18 + 12FeCl + 2HO = 2Fe 3 0 3 + 4Fe 2 Cl 3 + 2 NO 2 + C 12 H w O w 

Combinations. Insoluble in water, and in alcohol , but soluble in pure 
ether and in alcoholised ether. Soluble in glacial acetic acid, but insoluble 
in a mixture of the glacial acid and the bihydrated acid, being in this 
respect exactly opposite to monitramidin (p. 109)* Soluble in acetone , 
acetic-ether , and wood-spirit : insoluble in chloroform, hgdrosulphtric ether . 
and methjlk alcohol. 


*ST 6. IsoMmtramidin, 

C 12 N 3 H 8 0 18 = C 12 X 8 IP0 10 ? 

Beciiamp. A 7. Ann . Chim. Phjs. 64, 322. 

Isodiniiramidtn, Feeule isodinitrique * 

This compound is produced, together with binitramidin, by the* 
process described at page 110, and is separated from the latter by alco- 
hol of 96 p. c. which dissolves it. On mixing the alcoholic filtrate 
with water, the compound separates as a very fine white powder, 
which agglomerates during desiccation, and then becomes strongly 
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electric by trituration. If the alcohol be evaporated by heat, the iso- 
binitrainidin separates in transparent laminae. 


Rotatory power, [a] 

= 131*5°. 






Bechamp. 

12 C 

72 .... 

28*57 ... 

30-40 

2 N 

28 .... 

11*11 ... 

10*72 

8 Ii 

S .... 

3-17 ... 

3*25 

18 O 

144 .... 

57*15 ... 

55*63 

C 12 N-H s O IS 

.... 252 .... 

100*00 ... 

100*00 


C 12 H 8 0 8 ,2N0 5 according to Bechamp (p. 108). 


Decompositions. 1. Isobinitramidin is even more subject than bini- 
tramidin to spontaneous decomposition. — 2. Heated in a test-tube, it 
begins to give off red fumes at 170°, and deflagrates like the preceding* 
compounds at 172°, leaving only a small quantity of white matter. 
— 3. B j protochloride of iron, it is reduced like the preceding com- 
pounds, yielding soluble starch. 

Combinations . Insoluble in water, soluble in alcohol of 90 p. c. ; 
dissolves with difficulty in ether, but easily in a mixture of ether and 
alcohol. With acetic acid , acetone , acetic ether , chloroform , methylic 
alcohol , amylic alcohol , and hydrosulphuric ether, it behaves like bini- 
tramidin. _ (Bechamp) 


Ittulin. 

C“EP°0 10 or C^O 20 . 

Yalentin Rose (1804). A. Gehl. 3, 217. 

John. Chemische Schriften, 4, 73. 

Gaultier be Claubrt. Ann. Chim, 94, 200. 

Paten. J. Pharm, 9, 283 .—Ann. Chim. Phys. 26, 102 ; Pepert. 18, 53 ; 

Ann. Sc. nat. Bot. 1840, 91. 

Strating-h. Report. 21, 418. 

Mulder. Ann. Pharm. 28, 278; J.pr. Chem. 15,299. 

Parnell. Ed. Mag. J. 17, 126; Ann. Pharm. 39,213; J.pr. Chem. 
26, 140. 

Oroockwtt. Ann. Pharm. 45, 184; abstr. J.pr. Chem. 28, 316. 
Woskresenskt. Petersb . Acad. Bull. 5, No. 3 ; J. pr. Chem. 37, 309. 
Bouchardat. Compt. rend . 25, 274 ; abstr. Pharm. Centr . 1847, 782. 
Th. Anderson. H. Ed, Phil. J. 7, 136 ; J. pr. Chem . 47, 449. 
Thibattlt. H. J. Pharm. 25, 205 ; J.pr. Chem. 62, 253 ; Pharm. Centr . 
1854, 336. 

Bubrunfaut. Compt. rend, 42, 803; J. pr. Chem. 69, 208; List. 
1856, 174. 

Helmin (John); Alantin, MenyantMn (Trommsdorff) ; Bahlin (Payen) ; Synan - 
therm Sinisfrm (Marquart, Ann. Pharm. 10, 92.) — Braconnotds Datiscin was formerly 
erroneously regarded as inulin.— Discovered by Yal. Rose in 1804, 

Sources. According to Mulder and W oskresensky, inulin is a 
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universally distributed constituent of plants, and is found especially 
in the roots of Inula Helenium (Rose), Angelica Archangelica (not in this 
root, according to Buchholzand Buchner), Anthemis Pgretkrum (John), Colchicum 
autumnale (Pelletier & Oaventou), Leontodon taraxacum (Mulder, Her- 
berger, Repent . 52, 399 ; Friekinger, Repent. 73, 45), Gichorium int gbits 
(Woskresensky) ; in the tubers of Dahlia pinnata (not in spring, according to 
Woskresensky), (Payen), lleliantkus tnberosus (Braconnot) ; in the stalks 
of Solarium Dulcamara , in spring, not in autumn (Jonas, N. Br. Arch. 
42, 130): in the buck-bean, Menyanthes trifoliata (Trommsdorff) ; in morel 
(a kind of fungus) Beltz ; in Lerp-mcmna (from Eucalyptus dumosa ) to 
the amount of 13*8 per cent. (Anderson.) — Lichen fraxineus and Lichen 
fastigiatus contain, according to Berzelius, inulin, lichenin, or a substance 
of similar character. — The seeds of lleliantkus annaus contain a non- 
fermentable substance, insoluble in cold water and in alcohol, which, 
after boiling with dilute acids, reduces copper from an alkaline solution, 
probably inulin. 

Preparation. A. From Elecampane-roots. — The roots are boiled 
with a large quantity of water, the decoction is evaporated, the 
extract exhausted with cold water, and the inulin which remains un- 
dissolved is washed. (G-aultier, Stratingh.) — The roots are exhausted 
with hot water in a displacement apparatus; the concentrated 
infusion is evaporated to 10° or 12° Bm. and mixed with 2 pts. alcohol, 
and the inulin thereby precipitated is purified by reprecipitation with 
alcohol from its concentrated solution, and decolorised with animal char 
coal. (Thibault.) — Kolmke (iV. Br. Arch. 39,289) boils elecampane- 
roots (previously exhausted with alcohol) with water ; evaporates the 
filtered extract to -§• or £ ; mixes it with alcohol till it becomes turbid ; 
collects the pale yellow inulin which separates after several days ; 
and purifies it by dissolving it in hot water, and washing' the inulin 
which separates on cooling with warm alcohol. — The helenin mixed 
with inulin prepared from elecampane-roots is extracted by boiling 
with alcohol. (Croockwit.) 

B. From Potatoes or Dahlia-tubers. — 1, The pulverulent deposit 
which separates in the cold from the expressed juice of potatoes is dis- 
solved in hot water, and the solution is filtered, evaporated and left to 
cool, whereupon it deposits inulin. (Braconnot.) — 2. The nearly 
transparent juice expressed from dahlia-tubers is left to stand for some 
hours, whereupon it solidifies, from separation of inulin, to a stiff 
paste, which is to be washed and dried. (Ludwig, N. Br. Arch. 82, 
1G3.) — 3. Dahlia-tubers rubbed to a pulp are washed on a hair sieve 
in a thin stream of water, as long as the liquid continues to run 
through milky, and the inulin which separates from it on standing*, is 
collected — or in case it is slow in settling' down, the turbid liquid is 
heated till it boils ; the coagulated vegetable * albumin is skimmed 
off ; and the remaining liquid is left to cool ; it then, after a few days, 
deposits a thick pulp easy to wash. (Liebig, Ann. Pharm . 2, 235.) — ■ 

Roots of Dahlia pinn ala treated in this manner do not yield any inulin; but this sub- 
stance settles down as a white powder when the aqueous extract of the fresh tubers, 
cut in slices, dried and pulverized, is evaporated, and the extract diluted with water. 
(Wittstein, Report. 71, 362.) — 4 . Dahlia- tubers rubbed to a pulp are 
washed with cold water on a linen or woollen cloth ; the residue is 
boiled for half-an-hoiu* with 2 pts. water and a small quantity of chalk; 

VOL. XV. I 
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the liquid is expressed, the extract, after being 1 decolorised with 
animal charcoal and clarified with albumin, is evaporated till a film 
forms on it, and the inulin which separates on cooling' is washed 
with cold water, and purified by solution in hot water and cooling, 
(Payen.) 

Parnell uses peeled and washed dahlia-tubers ; boils them for an 
hour and a-half with 5 pts. of water, and purifies the inulin which 
separates from the evaporated extract, by precipitating its aqueous 
solution with alcohol. Croockwit purifies the inulin thus obtained by 
boiling it with alcohol. 

The inulin contained in dahlia-tubers, and separable without alteration by Liebig's 
method, is called by Marquart (Ann. Pkarm. 10, 92), Synantherin j while that which 
is extracted from the same source by hot water, he calls Sinistrin. The first forms 
small spherules whose envelopes are torn by the action of hot water, their contents, the 
sinistrin, then escaping while the envelopes remain. Inulin separated by cold water is 
therefore synantherin, as it occurs in nature ; but that which is obtained with hot water 
is altered synantherin, or sinistrin. 

C. From Dandelion-roots. — Obtained in the same way as from 
dahlia-tubers. (Wittstein, Report. 71, 362 ; Herberger, Rcpei't. 
52, 399.) 


D. From Chicory-roots . — The aqueous decoction is precipitated by 
neutral acetate of lead ; the filtrate freed from lead is evaporated till 
a film forms on the surface ; and the inulin which separates from it is 
purified by precipitating its aqueous solution with alcohol. (Vosk- 
resensky.) 

E, From Lerp -manna. — The substance is exhausted with boiling* 
alcohol ; the residue consisting* of starch, cellulose and inulin is well 
boiled with water, and the inulin, which separates from the filtered 
extract on cooling, is collected and washed till the wash- water no 
longer exhibits the reactions of starch. (Anderson.) 

Properties . Soft, white powder, resembling starch (Woskresensky, 
Dubrunfaut), consisting of microscropic grannies similar in form to 
starch-granules, but only a. of the size. (Baumann.) When dried on 
glass or porcelain, it forms a translucent, brittle, dazzling white mass, 
which swells up in water. (Liebig.) Very friable. (Parnell.) 
Homy ; but dull white if alcohol has been added to it before drying 
(Payen) ; gummy (Parnell, Dubrunfaut). Marquart’s synantherin is a light 
brown, translucent, horny mass; his sinistrin a white, almost transparent, horny 

mass— sp. g*r. 1*350 (Payen); 1*4 62 (Dubrunfaut). — Sticks to the 
teeth and to moist paper.' — Very hygroscopic. (Dubrunfaut.) — 
Tasteless. (Parnell.) Inodorous. — Rotatory power =34° 42' to the 
left. (Dubrunfaut.) 


Payen. Mulder. Parnell. 





at 150° 

at 17Q° 

at 120° 

at 120° 

air-dried. 




a 

b 

c 

d 

e 

24 C 

144 .. 

.. 44*44 .. 

.. 44*55 ... 

. 44*19 ... 

. 44*13 ... 

, 43*80 . 

... 43-37 

20 H 

20 .. 

.. 6*17 .. 

.. 6‘12 ... 

6*17 ... 

.. 6.19 

.. 6-20 . 

6*40 

20 0 

160 .. 

.. 49*39 .. 

.. 49*33 ... 

49*64 ... 

49*68 ... 

50-00 . 

... 50*23 


224 .. 

. 100*00 .. 

.. 100*00 ... 

. 100*00 ... 

. 100-00 ... 

. 100*00 

... IOQ‘00 




Croockwit. 
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Woskresensky. 

Anderson. 
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DubrunfauL 


at 120° — 160° 

at 100°— 120° 

at 150° 

at 100° 


/ 

9 

h i 

k 

l 

c 

... 43-37 .. 

.. 43*48 .. 

.. 52-38 .. 

.. 49*59 ... 

44*03 

.... 44*32 

H .... 

.... 6-23 .. 

.. 6*25 .. 

.. 6-86 .. 

.. 6*86 ... 

6-80 

... 6*19 

O .... 

.... 50-40 .. 

.. 50-27 .. 

.. 40-96 .. 

.. 43*55 ... 

49-67 

... 49-49 


100-00 .. 

.. 100*00 ... 

.. 100*00 .. 

.. 100*00 .... 

100-00 

... 100-00 


a Normal; b soluble inulin from Iceland moss] c from dandelion-, d from elecam- 
pane-root; e,f and g from dahlia-tubers; h from chicory-roots; i from dandelion-roots, 
partially oxidised ; k from Lerp-manna. 

Corresponds to the formula C 2J H 20 O 20 (Payen, Mulder, Dubrunfaut) ; C 24 H 21 0 21 
(Parnell) ; C 24 H 19 0 14 (Woskresensky ) ; that prepared from dahlia-tubers corresponds 
to the formula C 24 H 21 0 21 ; from elecampane roots, to C 24 H 20 O 20 .4HO (Croockwit). 
The composition of inulin varies with its origin and mode of preparation (Croockwit), 
because it is oxidised by the joint action of heat and water (Woskresenskv) ; it is always 
the same. (Dubrunfaut.) 


Decompositions. 1. Inulin dried at 100° does not lose weight at 
180°, but towards 190° it turns yellow, and melts with slight loss of 
weight and some decomposition. (Dubrunfaut.) — It melts at a 
temperature somewhat above 100° (Braconnot); at 168°, with 
colouring and loss of weight, and becomes insoluble in water and in 
alcohol (Payen) ; forms a sweet mass, “easily soluble in water (Bra- 
comiot). — When fused at a gentle heat, it gives oh water, and, after 
cooling, forms grey scales, which may be rubbed to a white powder. 
(Gaultier.) — 2. In the open fire , it melts and volatilises in white 
pungent vapours smelling like burnt sugar, and leaves a small quantity 
of charcoal (only if it contains gum, according to Braconnot) ; at a 
stronger heat, it burns with a light blue flame. (V. Bose.) — 8. By distil- 
lation it yields brown empyreumatic acetic acid, but no free empyreumatic 
oil. (Rose, Braconnot.) 


4. When heated with water to 100°, it is slowly but completely 
converted into non-erystallisable (Dubrunfaut), 1m vo-rotatory (Bou- 
cliardat), fermentable sugar (Croockwit). — The transformation takes 
place after 15 hours’ boiling (Croockwit); after li hours’ digestion of 
irmlin with water, the filtrate* which gives but a slight precipitate with 
strong' alcohol, leaves sweet gum when evaporated. (Woskresensky). 
It is not altered by prolonged boiling with water (Braconnot) ; by re- 
peated boiling with water it becomes gummy (John); somewiiat soluble 
in water and alcohol (Payen). 


5. By boiling with nitric acid , irmlin is converted into malic, oxalic, 
and acetic acids, not into mucic acid. — Its solution in fuming nitric 
acid is not precipitated by water. (Croockwit.) — 6. By oil of vitriol , 
it is turned yellow, then brown, and is ultimately carbonised. (Payen.) 
— Inulin boiled for 12 hours with pt. oil of vitriol and a large 
quantity of water, yields a small quantity of bitter-tasting sugar 
(Gaultier), digested with 5 \ oil of vitriol and a large quantity of water 
at 75°, it yields uncrystallisable, fermentable sugar, soluble in alcohol 
of sp. gr. 0*823, and sweeter than starch-sugar ; with dilute phos- 
phoric acid, a still sweeter sugar is obtained ; with yV acetic acid, a 
sugar of iuferior sweetness. (Payen.) 


Dilute acids convert inulin into sugar, 


both in the cold and when 
I 2 
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heated (Payen, Braconnot, Dubrunfaut, Bouchardat); the trans- 
formation is not attended either with evolution or with absorption of 
gas. 

7. Aqueous arsenic acid dissolves inulin with aid of heat ; after 
continued action, the cooled solution no longer deposits inulin, and 
leaves on evaporation a rose-coloured mass, which afterwards be- 
comes darker and finally black, grape-sugar being first formed, then 
humic and formic acids. (Baumann, N. Dr. Arch. 37, 264.) 

4. Oxide of lead converts inulin wholly or partially into glucic acid, 
which, if afterwards exposed to the air, changes into apoglucie acid. 
A warm aqueous solution of inulin reduces other salts of lead, copper, 
and silver. If an ammoniacal solution of lead is precipitated by 
aqueous inulin, the filtrate separated from the white precipitate de- 
posits spangles of lead after a few hours, and contains formic acid. 
(Croockwit.) 

9. Inulin is not fermentable. (Bouchardat.) — Neither the aqueous 
solution nor inulin suspended in water ferments in contact with yeast, 
or with tartaric acid and yeast. (Dubrunfaut.) — Inulin suspended in 
■water together with yeast ferments like sugar, but much more slowly, giving off 
carbonic acid, alcohol, and a small quantity of ammonia (Payen), hut only if it has been 
previously converted into sugar by the action of unwashed sour yeast. (Bouchardat.) 

10. Diastase alters neither the rotatory power nor the other pro- 
perties of inulin. (Payen.) — Inulin is digested in the stomach, and 
does not pass, as inulin, either into the urine or into the faeces. 
(Bouchardat.) 

Combinations . With Water. — A. Hydrated Inulin. — Gummy inulin 
immersed in water sw T ells up, absorbs water, and crumbles to dull- 
looking granules of millimetre diameter, which do not exhibit the 
double refraction of starch. — Inulin kept in moist ah at 10° acquires 
a specific gravity of 1*361 ; gives off 11*25 p. c. water in dry ah at 
10% and 4*75 p. c. more at 100°. (Dubrunfaut.) — Inulin which has 
been dried in the hot-air chamber absorbs water and becomes opaque 
on being immersed in water. (Payen.) — Rotatory power = 26*16° to 
the left (Bouchardat) ; 29*46° (Dubrunfadt.) 


C^h^O 20 . 

... 324 .. 

,. 85*72 

Dubrunfant. 

2 HO 

.... 18 . 

... 4*76 .. 

.. - . 4*75 

4 HO 

.... 36 . 

... 9*52 .. 

11*25 

C- 4 H 20 O-°,GHO 

.... 378 . 

... 100*00 .. 



B. Aqueous Inulin . — Inulin is insoluble in cold water (Rose); 
nearly insoluble (Braconnot) ; slightly soluble (Parnell) ; soluble in 500 
pis. water at 0° (Payen); in 200 pts. at 10° (Dubrunfaut), in 240 pts. 
between 12° and 18° (Biltz), in 50 pts. at mean temperature (although 
vegetable sap contains about 12 p. c. of the soluble modification, which 
changes into insoluble inulin only on standing). (Bouchardat.) It 
dissolves in 4- to ^ pt. water at 60° (Gaultier), abundantly in water 
at 66° (Dubrunfaut), easily in hot water (Parnell). 

A hot aqueous 10 per cent, solution of inulin does not deposit any 
thing on cooling, hut after standing for 12 to 24 hours, it deposits such a 
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quantity of inulin, that from 4 to 5 p.c. still remains in solution, and sepa- 
rates but imperfectly after a very long time, probably in consequence 
of a molecular alteration of the inulin. (Dubrunfaut.) — The aqueous 
solution of inulin is transparent ; gummy if it contains 1 pt. inulin to 
i pt. water, but not pasty (Gaultier) ; the solution of 1 pt. inulin in 
4 pts, water is less gummy than an equally strong solution of gum- 
arabic ; it may be filtered, does not froth when agitated, but if cooled 
deposits nearly all the inulin in the crystalline form after a few hours 
(Bose) ; after 48 hours it solidifies to a white, opaque, curdy mass, 
which cannot be poured out. (Braconnot.) A solution of X pt. inulin 
in 17 pts. water at 15° does not deposit any tiling after 48 hours. 
(Payen, John.) — A concentrated solution of inulin in boiling water 
deposits transparent inulin on cooling, sometimes in crystalline ag- 
gregates; the solution saturated at 175° deposits on cooling aggre- 
gates of spherules and plates. (Payen.) — A concentrated solution of 
inulin becomes covered with a film on evaporation, and solidifies to 
a granular mass on cooling. (Payen.) 

2. With iodine, inulin obtained from elecampane-root forms a 
greenish yellow compound which in time loses nearly all its iodine, 
becoming pale yellow, and is decomposed by boiling water. (Gaultier.) 
— 3. Chlorine does not precipitate aqueous inulin. (Payen.) — 
4. Inulin dissolves with brown colour in oil of vitriol ; the solution is 
precipitated by ammonia, not by water or alcohol. (Gaultier.) — 5. It 
is not soluble in hydrochloric acid (Gaultier) ; dissolves in dilute hydro- 
chloric acid (Blitz). For the decomposition of inulin by dilute and concentrated 
acids, see page 115. 

With Bases. — Inulin absorbs 3*29 p.c. ammonia. (Mulder.) — It 
dissolves in cold aqueous potash, forming a colourless solution which 
leaves, on evaporation, a nearly colourless gum, and when mixed with 
acids deposits after a while unaltered inulin. 

Inulin-banjta . — Produced by adding hydrate of baryta or chloride 
of barium mixed with potash to an aqueous solution of inulin. White 
curdy flocks, which gradually cake into a soft viscid mass. The warm 
aqueous solution, when left to evaporate, becomes covered with yel- 
low crystalline fibres. By repeated solution in water and evaporation 
of the solution, the compound deposits carbonate of baryta and becomes 
soluble in cold water. (Payen.) — Iimlin-baryta dissolves easily in 
nitric, with difficulty in hydrochloric acid (Gaultier) ; also in glacial 
acetic acid, and in excess of aqueous inulin. (Payen.) 

Aqueous-inulin docs not precipitate strontia-watcr , lime-water, alumi- 
uate of potash, or silicate of potash . (Gaultier.) 

Inulin with Lead-oxide. — Aqueous inulin added to aqueous neutral 
acetate of lead mixed with ammonia, throws down a bulky compound 
(fiocculent according to Croockwit) of inulin and oxide of lead (Parnell), 
which must be pressed in air free from carbonic acid, and dried, first 
over oil of vitriol and sticks of potash, then for some hours at 100° 
(Croockwit.) — Aqueous inulin does not precipitate aqueous acetate of 
lead either neutral or basic (Parnell) ; at the boiling heat it dissolves 
26*7 p. c. lead-oxide in a few minutes, but is decomposed by half- an - 
hour’s boiling therewith. (Mulder.) — The compound of inulin and 
lead-oxide dried at mean temperature, is white, pulverulent, partially 
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deliquescent at 100°, and varies in composition even when prepared 
under similar circumstances (Parnell), because, by the action of the 
base, the ixralin is partly converted into sugar, and the sugar 
into glucic acid. (Lowig, Org. Verb. 1, 363.) Inulin from dahlia- 
tubers and inulin from elecampane-roots form different compounds with 
oxide of lead ; and even with the same kind of inulin, different com- 
pounds, enclosing various quantities of glucate of lead, are obtained, 
according to the quantities of ammonia and acetate of lead added, 
(Crookwit.) 

Parnell. Croockwit. 

a b c 

from Dahlia' from Elecam - from Dahlia - 
tubers. pane-roots . tubers . 

at 100° 


24 C 

144*0 .. 

.. 22-46 

.... 22*46 .... 

.... 21-52 

.... 25*20 

IS H 

is-o .. 

.. 2-79 

.... 2'94 

.... 2-85 

.... 3-32 

IS 0 

144-0 .. 

.. 22*46 

.... 23-37 .... 

.... 22-56 

.... 27*56 

3 PbO 

335-4 .. 

.. 52-29 

.... 51-23 .... 

53-07 .... 

.... 43*92 

C S4 H ls O !3 ,3PbO .... 

641-4 .. 

... 100*00 

.... 100-00 .... 

100-00 .... 

.... 100-00 




Parnell. 

Croockwit. 




cl 

e 

/ 




from Dahlia - from Elecam - from Dahlia - 




tubers, 
at 100° 

pane-roots. 

tubers. 

24 C 

.... 144 . 

... 16-14 

.... 16*65 ... 

19*13 .... 

.... 17-38 

21 H 

.... 21 . 

... 2-35 

.... 2-44 ... 

2-39 .... 

.... 2-16 

210 

.... 108 . 

... 18-83 

.... 18-48 ... 

20-61 .... 

.... 18-32 

5 PbO 

... 559 . 

... 62-68 

.... 62-43 ... 

57*87 .... 

.... 62-14 

C s ‘H»O a ,5PbO .... 

.... 892 . 

.... 100*00 

... 100-00 ... 

100-00 .... 

100-00 

a contains, in tbe 

air-dried state, 7 p. 

c. water, d, 2 p, 

c, water, which is eiven off 

at 100°. 






Calculation, according to 
Parnell. 


Aqueous solutions of ferrous sulphate , ferric sulphate , cupric sulphate \ mer- 
curic nitrate , nitrate of silver , and chloride of gold , are not precipitated by 
aqueous inulin. (Payen.) — Inulin is dissolved by aqueous cvpr- 
ammoma. without previous tumefaction (Cramer, J. pr. Chcm. 73, 10); 
the solution yields after a few hours, a copious blue amorphous preci- 
pitate insoluble in water and ammonia, soluble in tartaric and nitric 
acids. (Schlossberger, J. pr. Ckem, 73, 373.)-— Inulin dissolves gradu- 
ally in aqueous nickel-ammonia, (Schlossberger, J. pr. Chem. 78, 370.) 

Inulin dissolves in warm, hut not in cold glacial acetic acid 
(Biltz.) 

Infusion of galls throws down from aqueous inulin a white some- 
what elastic precipitate (G-aultier), which redissolvcs below 100° 
(Pelletier & Caventou); it is not produced till after the lapse of 
6 hours, lias a pearly lustre, dissolves in water at 50° (Payen), and, 
according to^Braconnot, consists of inulin free from tannin. 

Inulin is insoluble in alcohol . (Rose.) Inulin from morel is insoluble in 
absolute alcohol and in ether, but dissolves in 100 pts. of 80 p. c, alcohol, and in a 
smaller quantity of 40 p, c. alcohol. 
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Lichenin. 

0 13 H 10 0 10 or € 34 H 20 O 20 . 


Proust. J. Phjs. 63, 81 ; JV. Geld. G, 502. 

Berzelius. Schw. 7 , 336. — Scher. Ann. 3, 288.— Lelrbuch. 

John. Chem. Schriften, G, 41. 

Guerin- V arry. Ann. Chim. Phjs. 56, 247 ; J.pr. Chem. 3, 346 ; abstr. 
Ann . Plutrm. 13, 71. 

Mulder. Natuur en ScheihuncUg Ar chief, 1837, No. 4. — Bull, de Peer- 
land, 1838, 41 ; abstr. J. pr. Chem . 15, 299 ; Ann . Pharm. 28, 279. 
Payen. N. Ann . £c. j&tf. 14, 85.— Inst. 206, 128, and 145. 
Steinberg- & Dietrich. J. pr . Chem. 25, 379. 

Vogel. Linnesa . , 15, 59 ; abstr. Xjjjv Chem . 25, 382. 

Davidson. Ed. N. Phil. J. 28, 260; «7. jsr. Chem. 20, 354. 

Knop & Schnedermann. J". pr. Cftm. 40, 389. A?m. Pharm. 55, 164, 

Lichen-starch , FlechtenstdrJcmehl , : Moostarkmehl , Lichmine (GuSrin). — Formerly 
classed amongst the different kinds of vegetable mucus., but included by Berzelius among 
the starches. 

Sources . — In lichens and mosses, especially in Cetraria islandka , 
C. glauca , Bamelina fraxinea , 7f. fastigiata , 277/ica harhata , 27. plicata 
(Berzelius) ; in Parmelia pavietina, P. saxatilis , Peltigera canina , Cladonia 
rangiferina , C.pyxidata, Everniafurfuracea and Delessereapinnata; in worm- 
moss (the produce of about 12 species of algse) (Schmidt, Awl Pharm. 
51, 58) ; in puhnonacea and others . — Cetraria islandka contains 
innlin and starch as well as lichenin, the starch not occurring in 
granules, but forming an integrant part of the cellular membrane, 
which .consists of cellulose (Payen). — Lichenin does not occur in 
isolated granules, like starch, hut as a smaller mass uniformly dis- 
tributed amongst the cells (Knop & Schnedermann). — According to 
Maschke J. pr Chem. 61, 1), it is formed from starch by the action of 
the free acid in the Cetraria islandka, and is identical w T ith his soluble 
starch, (pp. 82, 86.) 

Preparation . 1. Iceland moss is freed from the bitter principle con- 
tained in it, by a process given below ; it is then boiled for two hours 
with 9 pts. of water, strained boiling hot, pressed, and left to cool. 
The jelly which separates on cooling is freed from water by hanging 
it up in a linen cloth, or letting it lie on blotting paper. (Berzelius.) 
After this treatment it is still black, but is obtained colourless by 
dissolving it in boiling water and precipitating the filtrate with alcohol. 
(Guerin- Yarry.) 

Berzelius removes the bitter matter of Iceland moss by macerating 
lib. of the lichen for 24 hours with 18lbs. water and T ^lb. potash, and 
repeatedly washing it with water, without pressure. Payen washes suc- 
cessively with ether, alcohol of sp. gr. 0*83 and 0*90, cold water, very 
weak solution of carbonate of soda, aqueous hydrochloric acid of 
the strength of 1 percent., and lastly, with pure water. — Davidson 
macerates 1121bs. of Iceland moss for 14 days with potash-ley prepared 
from 4ibs. of potash, or for 6 days with milk of lime prepared from 61bs. 
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of lime, then Trashes with dilute sulphuric acid, and finally with water. 
Chloride of lime may also be used for the maceration. 

2. A large quantity of hydrochloric acid is poured upon Iceland 
moss, and the clear solution obtained after diluting and straining, is 
precipitated with alcohol. The precipitated lichenin may be freed from 
water, and rendered friable by repeated treatment with absolute 
alcohol, and then freed from adhering' hydrochloric acid by immersion 
in running' water. (Ivnop & Sclmedcrmann.) 

In this process, according to K. & S., two modifications of lichenin 
maybe produced. — a. If the mucilage prepared with fuming hydrochloric 
acid, and diluted, be mixed with alcohol till turbidity ensues, then with 
a little more alcohol, so that part of the lichenin and all the dirt may 
be thereby precipitated, then afterwards carefully strained, the liquid 
if necessary being' poured back, — a clear solution is obtained from 
which alcohol throws down white flocks. These flocks dried on a 
hair sieve, yield a colourless transparent mass, undistinguish- 
able from common starch which has been boiled and dried again. 
— b. When the hydrochloric acid extract is immediately precipitated 
with alcohol, washed with aqueous alcohol, and boiled, a substance is 
separated by filtration which is no longer coloured blue by iodine, and 
exhibits the characters of Mulder’s lichenin. 

In a later communication, Knop and Schnedermann make the follow- 
ing statement : — Lichenin prepared by b swells up in water to a slippery 
mass, which is coloured by iodine. If it be boiled with water, neither 
the clear solution nor the jelly which forms on cooling, is coloured 
blue by iodine ; but on precipitating with alcohol, the lichenin, freed 
from alcohol by washing with water, is again coloured blue by iodine. 

Properties. Colourless (Payen) or yellowish, hard, brittle, trans- 
lucent mass, vitreous on the fractured surface. Difficult to pulverize. 
— Nearly inodorous ; tasteless. Permanent in the air. 





Mulder. 

Knop & 
Schnedermann. 

24 G 

144 .... 

.... 44*44 .. 

44‘29 

44*4 

20 H 

20 .... 

.... 6-17 .. 

6-28 , 

6*0 

20 O 

160 .... 

.... 49*39 .. 

49*43 , 

49-C 


C 24 H-°O s0 324 100-00 100*00 100*00 

Knop & Schnedermann’ s lichenin was turned blue by iodine. 

According to Gutjriu-Varry, lichenin is C 10 H }1 O 10 ; see his analysis (Ann. Ckim. 
Phys. 56, 245) ; according to Vogel, it resembles amyloid, inasmuch as, like that sub- 
stance, it forms the cell-walls of lichens. 

Decompositions. 1. Lichenin yields by dry distillation products 
doubtless similar to those obtained from starch. It yields 
carbonic acid, carbonic oxide, a small quantity of carburetter! hy- 
drogen, aqueous empyreumatic acetic acid, and a brown oil, but no 
ammonia, and leaves charcoal. (Berzelius). — According to Proust, 
traces of ammonia are likewise obtained. — 2. The aqueous solution of 
lichenin slowly turns mouldy on exposure to the air, but without 
acquiring any bad taste or smell. (Berzelius.) — It turns sour in a few 
days. (Guerin.) — 3. By continued boiling of its aqueous solution, it 
partly loses the property of separating on cooling. (Berzelius.) — 4. By 
boiling with very dilute sulphuric acid , it is partly converted into sugar. 
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(Ivirchhoff, Schw. 14, 388). 100 pts. treated with 250 pts. oil of vitriol yield 

53*91 pts. anhydrous sugar.— 5. Chlorine gas passed into the solution removes 
any accidental brown colour, without producing further decomposition. 
(Berzelius.) — 6. Gently heated nitric acid dissolves lichenin with 
facility, producing a lion-mucilaginous fluid, while, at a higher tem- 
perature, oxalic acid is formed, but neither mucic acid, nor stearin. 
(Berzelius, Proust.) 100 pts. lichenin set aside for a month, at a temperature of 
20° to 25° in contact with 600 pts. nitric add of sp. gr. 1*34, yield saccharic acid, and 
at 40° a much larger quantity. If the liquid be heated to 60°, it yields on cooling 
crystals of oxalic acid, 100 pts. lichenin producing 48*17 pts. of the hypothetical anhy- 
drous acid. (Guerin.) 

Combinations, — Lichenin immersed in cold ivater slowly swells up to 
a considerable mass, but without perceptibly dissolving. In boiling 
water, it dissolves completely to a thick gum. The concentrated solu- 
tion solidifies to a jelly on cooling. (Guerin- Varry.) The solution, if 
left to evaporate, becomes covered with films soluble in water. (Guerin, 
Berzelius.) The jelly gradually contracts on standing, so that the 
supernatant water still retains a little lichenin in solution, becomes 
covered with a crust if longer boiled,- and ultimately loses the power 
of gelatinising on cooling (Berzelius) ; it is thereby converted into a 
gummy mass. (John.) — Iodine colours lichenin greenish-brown, accord- 
ing to Berzelius; blue, according to Guerin- Yarry, but much less 
deeply than starch ; yellow, according to Mulder, or green from admix- 
ture of starch. {Comp, Knop & Sclmedennann, p. 120). The green 
solution of iodine in lichenin set aside in open vessels for 24 hours, 
deposits lichenin, leaving iodide of starch in solution. (Mulder.) — 
The decoctions of Getraria islcmdica and Parmelia parietina acquire a 
fine blue colour when treated with alcoholic tincture of iodine, that of 
Sticta pulmonacea becomes bluish-green ; all these decoctions are de- 
colorised by boiling ; but that of the first-mentioned lichen recovers 
its blue colour on cooling. (Mulder). 

In fuming hydrochloric acid, lichenin swells up to a jelly as trans- 
perent as glass, from which alcohol precipitates unaltered lichenin. 
(Knop & Selmedermann). 

Lichenin absorbs 2*66 p. c. ammonia gas , but gives it up completely 
at 100°. Mulder). 

With aqueous potash it forms a pale yellow, perfectly mobile solu- 
tion not precipitable by acids. (Berzelius). — The films which collect on 
the surface of aqueous lichenin while boiling, are rendered ductile, like 
turpentine, by immersion in aqueous potash. (John). 

Lichenin dissolves in hot aqueous carbonate of jJOtash, also in liot 
baryta- and lime-water, (Berzelius). 

Lead-compound of Lichenin. Basic acetate of lead is dropped into hot 
aqueous lichenin, and the product is washed and dried. — White pre- 
cipitate containing 55*26 p. c. oxide of lead (C 24 H 20 G £0 , 4PbO = 57*9 
p. c. PbO), (Mulder). It dissolves in acetic acid (Guerin). Aqueous 
lichenin from Bamelina fraxinea is not precipitated by basic acetate of 
leach (Berzelius). 

Lichenin is rendered slightly turbid by mercurous nitrate ; not pre- 
cipitated by acetate of alumina or famous siclphate . 

Infusion of galls produces a precipitate in the aqueous solution of 
lichenin from Bamelina fastigiata or It fraxinea. (Mulder, Phjs . Chan. 225.) 

Lichenin is insoluble in alcohol and in ether. 
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Paramylone. 

C 13 H 10 O 10 or C^IPO 20 . 


Gottlieb. Ann. PJiarm. 75, 51 ; Pharm. Centr . 1850, 850. 

In Euglena viridis , a green infusorium living in water. 

Fresh Euglence , mechanically freed from adhering vegetable matter, 
sand, &c.j are exhausted successively with ether, 80 p. c. alcohol, and 
boiling alcoholic hydrochloric acid, to remove fat, colouring matter, 
and nitrogenous substance, whereby the envelopes of most of the 
animalcules are lacerated, and granular paramylone is set free. From 
the resulting mixture of paramylone envelopes, and uninjured animal- 
cules, the two latter are for the most part removed by repeated 
stirring with water and straining*, the water which runs through then 
depositing paramylone in a purer state. Paramylone thus prepared still 
retains about 1*4 p. c. ash and membranes, which may bo removed by 
dissolving it in weak potash-ley, precipitating the filtrate with hydro- 
chloric acid, and washing out the jelly. In the course of the preparation 
a brown substance is formed by the action of the potash on the 
admixed membranes : it may be removed by repeatedly dissolving the 
paramylone in potash-ley and precipitating with hydrochloric acid. 

Properties. White granules, which are smaller than those of 
wheat-starch; and give off their adhering water at 100°. — After 
precipitation from the potash-solution by hydrochloric acid, and 
drying*, it ‘ forms irregular, pale yellow, translucent, tenacious, 
scarcely friable lumps, which do not give off their adhering water 
below 110°. 


Gottlieb. 
a. b. 





at 100° 

at 110' 

24 C 

.... 144 

.... 44*44 ... 

44-87 . 

... 44-22 

20 H 

.... 20 

.... 0*1 7 ... 


... 6-30 

20 O 

.... 160 

.... 49*39 ... 

48*76 

... 49-4S 

C-riFCP 

324 

.... 100*00 ... 

. ... 100-00 

100-00 


a, after deducting 1*4 p. c. ash; b paramylone purified with potash-ley. The com- 
pound is nearly related to cellulose. (Gottlieb.) 

Decompositions . 1. Melts v?\\onheated, andburns with an odour of sugar, 
leaving an easily combustible charcoal. — In ah* heated to 200° it does 
not melt, but turns brown and then yields to water, a tasteless gum, 
insoluble in alcohol. — 2. With nitric acid it yields a large quantity of 
oxalic acid. — 3. It is not altered by hot dilute adds; by boiling for six 
days with dilute sulphuric acid , it is partly converted into a brown, 
greasy mass, which decomposes aqueous potassio-eupric tartrate only 
at the boiling* heat, with separation of cuprous oxide. — 4. Boiled 
with strong hydrochloric acid , it dissolves to a brown syrup containing 
fermentable sugar, capable of reducing potassio-cupric tartrate. — Pa- 
ramylone is not converted into sugar by diastase. 
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Combinations. Paramylone is insoluble in water. — That which has 
been precipitated by acids swells up in wader, but without gelatinis- 
ing. — It is not coloured by iodine. 

Paramylone does not dissolve in dilute adds , or in aqueous ammonia , 
either cold or at the boiling heat. — It dissolves without decomposition 
in strong potash-ley , and is precipitated therefrom by carbonic acid 
almost in the pure state; by acidulated alcohol in white flocks; by 
absolute alcohol in combination with a small quantity of carbonic 
acid and potash. The last precipitate dries up to a yellow, 
translucent mass, and gives up potash when washed with alcohol. 

Paramylone is not altered by saline solutions , and is insoluble in 
alcohol and ether. 


Cellulose. 

G 12 B. l0 0 10 or C 24 H 20 O 20 . 

Pouecuoy. Systeme des Connaissanccs chimiqiies , 8, 87. 

Proust. J. Phys . 48, 469 ; Scher. J. 7, 707. 

Saussure. A. Geld , 4, 681. 

Kumford. Seine. 8, 160. 

Braconnot. Ann. Clmn . Phys. 12, 172 ; Sehw. 27, 328 ; Gilb. 63, 347. 
Reade. L. Ed. Mag . /. 11, 421. 

Schleiden. Wiegm. Arch. 1838, 59; Pogg. 43, 391. — Ann. Pharm. 

42, 298. — Grundz . d. wissensek. Botanik , Leipzig, 1849, 1, 17 2. 
Liebig. Ann. Pharm. 17, 139. — 30, 266. — 42, 306. 

Payen. JS t . Ann. Sc. not. Bot. 11, 21 and 27. — 14, 37. — Compt. rend. 18, 
271. — Compt. rend. 48, 210 and 275 ; N. J. Pharm. 35, 88 and 185 ; 
abstr. Pep. Chwupure , 1, 270. — Compt. rend . 48, 319, 326, 328, 358 
and 362. — Compt . rend. 48, 772 and 893; abstr. Pep. Chim. pure, 1, 
359 and 434. 

F. L. Winckxer. J. pr. Clmn. 17, 65. 

Hermann. J. pr. Clmn. 23, 380; 27, 165. 

Fromberg. ScheiL Onderzoeh. 2, 36 ; abstr. Ann. Pharm. 48, 353 ; 
J. pr. Clmn. 32, 198. 

v. Bauwiiauer. ScheiL OnderzoeL 2, 6*2 and 194 ; abstr. Ann. Pharm . 48, 
356 ; J.pr. diem. 32, 204 and 210 ; N. Br. Arch . 53, 68. 

Mulder. Seheilc. OnderzoeL 2, 76; abstr. J.qrn. Clmn. 32, 336. — J. pr. 
Clmn. 39, 150. 

Blonde au de Carolles. Per. scient. 14, 476 ; abstr. J. pr. Clmn . 
32, 427. 

Kochleder & Heldt. Ann. Pharm. 48, 8. 

Schaffner. Ann. Pharm. 50, 148. 

Kochleder. Ann. Pharm . 50, 225. 

Keinsch. Jahrh. pr. Pharm. 14, 25. 

Pouwarede & Figuier. Me'moire snr U Ligneux, etc., Paris, 1847; A. 

J Pharm . 12, 81 ; J. pr. Chem. 42, 25. 

Chodnew. Ann. Pharm. 51, 393. 

Mitsherlich. Berl. Ahad. Ber. 1850, 102 ; Ann. Pharm. 75, 305 ; /. 
pr. Chem. 50, 144. 

F. Schulze. Beitrage zur Kenntniss des Lignins , Rostock, 1856 ; abstr. 
Chem . Centr. 1857, 321, 
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Schtteizek. Chem. Centr. 1858, 49; J. pr. Chem. 72, 1095. — J. pr. 

Chem. 78, 870; Rep. Chim.pure , 2, 142. 

Cramer. J. pr. Chem. 73, 1 ; Chem. Centr . 1858, 50 ; abstr. Compt. rend , 
48, 270. 

Schlossbeegee. Ann. Pharm. 107, 22 ; J. pr. Chem. 73, 370 ; N. Br. 
Arch'. 95, 145. — Ann. Phann . 110, 246; iV r . Jahrb. Pharm. 12, 6; 
abstr. J.pr. Chem. 77, 508; Rep. Chim.pure , 1, 432. 

Erdmann & Mittenzwet, J". _p\ Chem. 76, 386; Cftcm. Cta?\ 1859, 
642. 

Fee 3 .it. Compt. rend. 48, 202 ; JR. J. Pharm. 35, 81 ; abstr. Rep. Chm. 
pure , 1, 269. — Compt. rend. 48, 325 and 360. — Compt. rend. 48, 667 
and 862 ; JR. J. Pharm. 35, 321 and 401 ; abstr. Inst. 1859, 121 and 
151 ; Rep. Chim.pure , 1, 357 and 433 ; Pharm. Vierteljcdir. 9, 221. — 
JR. J. Pharm. Inst. 1859, 357 ; Rep. Chim.pure , 1, 602 ; Chem. Centr. 
1860,4. 

Pelouze. Compt. rend. 48, 210 and 327; JR. J. Pharm. 35, 209 ; Inst. 
1859 ; Rep. Chm. pure , 1, 272; Dingl. 151, 394. 

Specially relating to Pollenin. 

John. Chem. ScJiriften , 5, 39 ; Sclav. 12, 144. 

Buchholz. A. Gehl. 6, 573. 

Feitzsche. Fogg. 32, 481. 

Braconnot. Ann. CJiim. Phys. 42, 98; JR. Tr. 21, 164. 

Herat ath. Chem. Soc. Qu.J. 1, 1. 

Mustratt. Ann. Pharm. 51, 280. 

Specially relating to Fuwjin. 

Braconnot. Ann. Chim. 79, 276. 

Yatjquelix. Sclav. 12, 253. 

Schrader. Schw. 33, 410. 

Paten. N. Ami.. S c. not. Rot. 14, 89. 

Schlossberger & Dopping. Ann. Pharm. 52, 113. 

Woody Fibre, Lignin, Zelhtojfpjlanzen-zellstoff. Fascr, Holzfctscr , Pjianzenfaser, 
Pfianzen faserstoff, Lignmx. 

Payen and others make a distinction, between cellulose or woody fibre properly so- 
called, and the encrusting matter (Turpin’s sderogen, Schulze’s lignin) which they 
regard as a peculiar constituent of the cellular tissue. This encrusting matter has not 
however been isolated, and Schleiden ( Grmidzuge d. wissenscfi. Bot . Leipzig, 1849, 1, 
173) contests its existence as a distinct compound. The encrusting matter treated suc- 
cessively with potash and iodine, assumes an orange-yellow colour, and is thereby dis- 
tinguished from cellulose, which turns blue under the same circumstances. (Payen, N. 
Ann. Sc. nat. Bot . 33, 305.) Schulze’s lignin dissolves in a mixture of chlorate of 
potash and nitric acid, in oil of vitriol, and in a concentrated aqueous solution of chloride 
of zinc {comp. Payen, N. Ann. Sc. nat. Bot. 11, 27; abstr. Compt: rend. 81, 51 ; 
J. 2 m. Chem . 16, 436. — v. Baumhauer, Scheilc. Onderzoek. 2, 62; J. pr. Chem. 32, 
-04 ; Repert. 95, 220. — P. Schulze, Beitrage zur Kentniss des Lignins, Rostock. 
1856 ; abstr. Chem. Centr. 1857, 321). 

The substances formerly distinguished as Pollenin , Fungin or Medullin, appear to 
be nothing but cellulose in various degrees of purity. A few other substances allied to 
cellulose are treated in an Appendix. 

Sources. 1. In the Vegetable Kingdom. — Cellulose forms the 
principal part of the cellular tissue of plants. It is indispensably 
necessary for the formation and development of the cells (Schleiden) ; 



CELLULOSE. 


125 


it is the plastic material, not only of the primary cell- wall, hut likewise 
of all the spiral or otherwise formed deposits which attach themselves 
to its inner surface as the plant grows, and appear to partake of the 
structure of the cell-wall itself. (Sclieidcn, Schulze.) Cellulose is 
found in its purest state in the walls of young vegetable cells, as in the 
spongioles of the rootlets, the younger organs of the leaf and flower, 
the fleshy structures of certain fruits, &c. ; more frequently, however, 
it is found associated or combined with foreign matters, especially in 
the cell-walls of older plants, in the wood, &c. Such foreign admix- 
tures, produced as the growth of the plant advances, and often very 
intimately united with the cellulose are: colouring matters, fats, 
resins, gum, mucus, starch, sugar, and salts, both organic and 
inorg-anic. According to Payen, cellulose, even in the youngest parts 
of plants, is united with a nitrogenous substance, resembling protein. 

On Payen’s matiere incrustante, see page 124. 

Fremy (Comp, rend . 48, 202) is of opinion that the cell- walls of plants 
consist, not of one, but of several substances, because he finds that 
cuprammonia (see Combinations, p. 142) dissolves only the outer wall 
of many vegetable cells, forming a solution from which pure cellulose 
may he separated by water, and leaving an inner membrane (coloured 
green by the re-agent and yielding poetic acid when treated with 
acids), whereas other plant-cells arc not attacked by aqueous cupram- 
monia. He likewise admits the existence of various kinds of 
cellulose, whoso different behaviour towards solvents is not determined 
by their different degrees of cohesion, inasmuch as the solubility of 
cellulose in aqueous cuprammonia is not in proportion to its 
cohesive power. Nevertheless, Payen (Comp. rend. 48, 210) is of 
opinion that the different chemical relations of vegetable cellular mem- 
branes are determined by admixtures of organic and inorganic sub- 
stances, as well as by their different degrees of cohesion, which latter 
cannot be measured solely by' the hardness of the different substances 
composed of cellulose or woody fibre. Thus, according to his obser- 
vations (Comp. rend. 48, 319), the cellulose in the pith of the stem of 
herbaceous and woody plants, both above and below the surface of 
the soil, does not differ greatly from that which constitutes cotton and 
other fibres used for spinning, and the cell- walls of the various kinds 
of vegetable tissue. But after Pelouze (Comp. rend. 48, 210 and 327) 
had observed that cellulose which has been dissolved in aqueous 
cuprammonia and precipitated by hydrochloric acid, is much 
more soluble iu hydrochloric acid than natural cellulose, — and that 
cellulose treated with melting potash at 150° — 190° becomes much more 
soluble in weak aqueous potash, — and had thence concluded that the 
latter kind of cellulose is a modification of that which occurs naturally, 
Payen (Comp. rend. 48, 358) likewise recognised the existence of dif- 
ferent isomeric modifications of cellulose, although he still maintained 
that the skeleton of plants, the walls of the cells, fibres, and vessels 
in general, consist of one and the same kind of cellulose, and that the 
various conditions of cellulose in plants are determined essentially by 
their state of aggregation or by the presence of foreign- bodies.— 
Fr6my on the other hand maintains (Conipt. rend. 48, 67) that the dif- 
ferent modifications of cellulose cannot arise from the admixture of 
foreign substances, inorganic compounds, for example, inasmuch as 
the solubility of cellulose |in cuprammonia may vary, although the 
amount of inorganic matter associated with it remains constant ; 
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thus the insoluble pith of plants is rendered soluble by many hours 
heating to about 150° or by prolonged boiling. As isomeric modifica- 
tions of natural cellulose, he distinguishes: 1. That part of the vege- 
table tissue which is soluble in aqueous cupranimonia, — the true 
cellulose or woody fibre ; — 2. The part which is insoluble in aqueous 
cuprainrnonia, but is rendered soluble by treatment with certain 
chemical re-agents : Paracellulose . The latter is found in nature associ- 
ated with true cellulose, constituting the utricular tissue of the medul- 
lary rays. As two further modifications, Fremy distinguishes Yascu - 
lose , which forms the vascular tissue, and Fibrose , which forms the 
woody tissue, both of which differ in some respects from true cellulose. 

(vid. inf.) 

Cellulose occurs tolerably pure in the fibre of cotton, flax, and hemp, 
therefore in bleached linen ; in the byssus used for wrapping mummies 
(Thomson, Am. Pharm. 69, 128); in white (Swedish) paper. — It 
occurs pure (not pine, according to v. Baumhauer) in the pericarp of 
Phytelepkas (Payen); is contained, to the amount of 12 per cent, in the 
manna of Eucalyptus dumosa (Anderson, A T. Ed. Phil. J. 47, 132 ; J.pr. 
Chem. 47, 449) ; it forms the envelopes of starch- granules (Melsens) ; 
the membranes which enclose the granuloseof starch-granules (Nageli, 
Die Starkmehlkorner , 1858); it is a constituent of lignite and coal 
(Schulze, Lieb. Eopp. Jahresber . 1855, 702 and 1019). 

As Pollenui. In the pollen of flowers: of tulips (John), of date- 
flowers (Fourcroy & Yauquelin, A. Gehl 1, 507), of lilies and of Cactus 
speciosissimus (Herapath), in the seeds of lycopodium (Buchholz. A. Gehl. 
6, 573). — As medullvn, in the pith of plants, especially of sunflowers 
and of the elder-tree (John, Chem . Schriften , 4, 204). — As Fungbi 
in fungi, as Agaricus volvacius, A. piperatus and A. stypticus , Boletus 
juglandis , and B. pseudo-igniarius , Phallus impudicus , Merulius Gantharel- 
lus , Hydnum repandum and H. hybridum , Mucor septicus , (Braconnot, 
Ann. CJnm. 79, 276); Agaricus campestris , A. bulbosus , A. theogalus , A. 
•muscanus (Yauquelin, Schw. 12, 253); Helvella mitra (Schrader, Schu' . 
33,410). — As Lichenin in the skeleton of lichens (p. 119). — The cellu- 
lose of Iceland moss appears to be in a state of transition between 
true cellulose and starch (Fromberg). — As corlc cellulose : existing in 
an impure state in cork, the outer bark of the cork-oak. 

2. In the Animal Kingdom . — Degenerated human spleen and some 
parts of the human brain contain a substance resembling cellulose 
(Yirchow, Compt . rend. 37,492 and 860). — In the skin of silk- worms, 
probably also in the wing-cases of cantharides, the shells of crabs and 
lobsters (Peligot, Compt. rend. 47, 1037 ; Pep. Ckim. pure , 1, 234) ; not 
in the wing-cases of cockchafers or in the carapaces of craw-fish and 
shrimps, therefore also probably not in the skin of the silk- worm 
(Stadeler, Ann. Pharm. Ill, 28). see Tunicin. 

On the formation of cellulose in plants, see Schleiden, also Rosignon (Compt. rend . 
14, S73). On the detection and estimation of cellulose, see Poggiale (N. J . Pharm . 
36, 121). 

Preparation. A portion of a plant containing cellulose as nearly 
pure as possible — such as cotton, flax-fibre, hemp-fibre, pith, Ac., is 
exhausted successively with water, alcohol, ether, hydrochloric acid, 
and aqueous alkali, then perhaps treated with chlorine, and dried after 
thorough washing. 
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1 . Payen boils finely pulverized oak-, beech-, or acacia- wood to dryness 
with potash-ley three times in succession ; washes with water, hydro- 
chloric acid, ether, and alcohol ; boils with water ; treats the remaining 
substance repeatedly with aqueous ammonia, potash, hydrochloric acid, 
and water in succession, sometimes also suspends it in water and treats 
it with chlorine ; and finally washes it with alcohol and ether. — Or he 
exhausts finely divided fir-wood with water, alcohol, ether, acids, and 
weak soda-ley, then with hot concentrated soda-ley, afterwards with 
hydrochloric acid and water; triturates the woody-fibre on a grindstone; 
treats it, suspended in water, with chlorine gas ; and lastly with 
aqueous potash, hydrochloric acid, and water in succession. The 
perisperm of Phytekphas exhausted successively with aqueous ammonia, 
water, alcohol, ether, then again with alcohol, ammonia, glacial acetic 
acid and water, yields pure cellulose. (Payen.) 

2. Spiral vessels of Agave americana, elder-pith, or the pith of Phy- 
tolacca decandra are exhausted with glacial acetic acid, water, alcohol, 
and ether successively, or with one or more of these re-agents (Mulder). 
White cotton is boiled for half-an* hour with dilute sulphuric acid, then 
for a while with strong potash-ley, afterwards washed with water, 
alcohol, ether-alcohol, and finally with boiling water. (Blondeau de 
Carolles.) 

3. Dried parts of plants, such as Agaricus albus , turnips or white 
cabbage, or Iceland moss previously exhausted for several days with 
weak soda- ley, are boiled with water, till the decoction is no longer 
coloured by alcoholic iodine, and runs off nearly colourless ; the resi- 
due is repeatedly digested with soda-ley of 10 percent., till the extract 
is no longer precipitated by hydrochloric acid ; and the residue, after 
being washed with waterand pressed, 1 L is successively digested with alco- 
hol heated to 30°, repeatedly with ether and with dilute hydrochloric 
acid (1 : 21), and finally exhausted with water and alcohol. (Fromberg.) 

4. Finely comminuted parts of plants containing woody fibre are 
macerated four times in succession for seven days each with cold potash- 
ley, the residue being each time washed for a long while with water 
and glacial acetic acid, and finally well boiled with water, alcohol, and 
ether, (v. Baumhauer.) 

5. One part of vegetable tissue is macerated for fourteen days at a 
temperature of about 115° in a mixture of 12 pts. nitric acid of sp. gr. 
1-160 and 18 pts. chlorate of potash — cellulose being then taken up into 
the solution, and the residue is washed with water and with alcohol. 
(Schulze.) Cellulose thus prepared is contaminated with considerable 
quantities of a chlorinated substance produced by the action of chlo- 
rine on the woody fibre. (Ritter, Private communication.) 

6. The pitli of elder-stems, burdock-roots or sunflower-stalks 
gathered in August and comminuted, is exhausted successively with 
water,' alcohol, and ether, then with weak potash- ley, and washed with 
water. (Schaffner.) 

The following plants and parts of plants also finally leave cellulose 
when treated as follows: 

7. Finely pulverized coffee-beans are exhausted as completely as 
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possible with ether, alcohol, water, boiling' weak potash-ley, boiling' 
dilute hydrochloric acid, and water; the residue rubbed up to a pulp 
with water is left to itself till white flocculent cellulose has settled 
down, and this deposit is dried and exhausted with absolute alcohol. 
(Rochleder.) — 8, Lichens are exhausted with cold water, alcohol, 
aqueous ammonia, glacial acetic acid, and ether, and lastly boiled with 
water (Payen) ; they are exhausted with alcoholic ammonia, weak 
alcohol, ether, alcoholic potash, boiling aqueous potash, a largo quan- 
tity of water, boiling' weak hydrochloric acid, and boiling water. 
(Rochleder & Ileldt.) They are steeped for four to six days h i concentra- 
ted hydrochloric acid renewed every day, and the residue is repeatedly 
exhausted by successive treatment with alcoholic ammonia and hydro- 
chloric acid, which however docs not completely remove a brown 
substance formed from the cetraric acid. (Kopp & Schnedcrmann.) — 

9. Pressed, ’dried, and finely comminuted Confervcc are exhausted with 
alcohol, aqueous ammonia, dilute soda, and potash-ley, and the residue 
suspended in water is treated with chlorine, and afterwards washed 
with weak hydrochloric acid, water, ether and alcohol. (Payen.) — 

10. Pung-i, after being pressed, are exhausted with water, alcohol, 
and weak aqueous potash (Braconnot), or reduced to dry powder, and 
treated successively with ether, alcohol, hot ammonia, hydrochloric 
acid, and weak aqueous potash, continually washed in the intervals with 
water, then diffused in water and treated with chlorine, and finally 
again treated with alcohol and ether. (Payen.) — 11. The pollen of 
tulips is exhausted successively with water, alcohol, and aqueous 
potash. (John, Buchholz.) — 12. Rasped cork is exhausted with alco- 
hol, boiled with 8 pts. nitric acid, of sp. gr. 1*30, till the suberin is 
dissolved and the wax has separated as an oily layer, and the cellulose 
diffused in flocks through the acid liquid, is repeatedly washed with 
alcohol. (Schlossberger & Popping, Ann. Pharm. 52, 113.) 

Properties. In the moist state colourless and translucent; in the 
dry state, white, and nearly translucent. Different in appear- 
ance according to the tissues from which it has been obtained, it either 
exhibits the original structure of the vegetable tissue, or consists of a 
network of fibres more or less united with one another. 

Closely aggregated cellulose is obtained from ebony-, guaiac-, and 
oak- wood, from the pericarp of vegetable ivory (Ph/jtelephas), from 
nuts, from nodes of grass-stems, &c ; loosely united cellulose is yielded 
by cedar-, pine-, and birch-' wood, the stems of grasses, herbs, &c. Very 
easily separable, and at the same time very long, tough, and flexible, 
are the fibres of flax, hemp, New Zealand flax (Phormkm tenax ), and 
cocoa-nut, the spiral vessels of the pisang, &c. ; completely separated 
very flexible and tough, are the fibres of cotton and of seed- wool in 
general. 

Cellulose, separated from its solution in aqueous cuprammonia, 
forms loose flocks, which dry up to grey, horny lumps translucent 
on the edges (Schweizer, Schlossberger) ; after precipitation with 
alcohol, it forms white threads, which crumble to a white powder 
when washed with hydrochloric acid (Erdmann), — Sp. gr. of woody 
fibre 1*25 to 1*5; of cotton, 1*24; of flax-fibre, 1*45. (Kopp. Ann. 
Pham. 35, 39.) — Inodorous and tasteless, 
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Calculation 


According to Payen- and Mitscherlich. According to Muj.de r and Baumh auer. 


24 C 

.... 144 .... 

44*44 .. 

.. 24 C 

144 ... 

43-24 

20 H 

.... 20 ... 

6-17 .. 

.. 21 H 

21 ... 

6-31 

20 0 

.... 160 ... 

49*39 .. 

.. 21 0 

16S ... 

50-45 

C W H“°0“° .... 

.... 324 ... 

100-00 .. 

.. C 24 H 21 G 31 ... 

333 ... 

100-00 


1* Ure. 2. Payen. 




■N 

/ " 

Ovule of 


Tissue 





Amygdal. 

Apple- 

Sun- 

of 

Elder- 


Flax. 

Cotton. 

saliva. 

blossoms. 

flowers. 

Cucumber. 

pith. 




a . 

b . 

c. 

d. 

e. 

c 

42-81 . 

... 42-11 ., 

... 43-57 . 

... 44-7 .. 

. 44*1 . 

... 43-80 ... 

. 43-37 

H 

5-50 . 

... 5-06 ., 

... 6*11 . 

... 6-0 .. 

. 6-2 . 

... 6-11 ... 

.. 6-01 

O 

51-69 . 

... 52-83 .. 

... 50-32 . 

... 49-3 .. 

. 49-7 . 

... 50-09 ... 

. 50-59 


100-00 . 

... 100-00 .. 

,. 100-00 . 

... 100*0 .. 

. 100-0 . 

... 100-00 ... 

100-00 


Payen. 


Pith of 
Aeschmo- 
mene. 

Cotton. 

Spongioles 
of the 
Rootlets. 

Leaves 

of 

Cyckorium intyb. 

s 

Aylanthus 
glandulosa . 
at 180°. 

/. 

ff- 

h. 

z. 

Jc. 

1. 

7K. 

C 43-39 .. 

.. 45-00 

.... 44-35 

.... 43-00 ... 

. 45-08 .... 

43-40 

.... 45-95 

II 6-33 -.. 

.. 6-22 

.... 6-14 

.... 6-18 ..., 

. 6*74 .... 

6*12 

.... 6-19 

O 50-28 .. 

... 48-78 

.... 49-51 

.... 50-82 ... 

. 48-18 .... 

50-48 

.... 47'SG 

100-00 .. 

... 100-00 

.... 100-00 

.... 100-00 ... 

. 100-00 .... 

100-00 

.... 100-00 


Woody-fibre Spiral vessels Inner tissue Seed-wool Woody fibre 



from 

Oak-wood. 

of 

Musa sapient. 

of the 
leaves of 
Agave amer. 

of 

Popul. 

from 

Fir-wood. 


n. 

0. 

p. 

5* 

r. 

virgin. 

s. 

t. 

u. 

C 

43-85 ... 

. 44*53 .. 

.. 48*43 . 

.... 43-22 

.... 44-70 .... 

. 44-11 

.. 51*79 

.... 44*38 

II 

5-86 ... 

. 6*03 .. 

.. 6-91 , 

.... 6’50 

.... 6-39 .... 

. 6*52 ... 

.. 6*28 

.... 6-96 

o 

50-29 ... 

. 49*44 .. 

.. 44-66 . 

.... 50-28 

.... 48*91 .... 

. 49-37 .. 

.. 41-93 

.... 48-66 


100*00 ... 

. 100*00 .. 

.. 100-00 . 

... 100-00 

.... 100*00 .... 

. 100*00 .. 

.. 100*00 

.... 100*00 



Peiisperm 

Cellulose 

Conferva 

Agaricus 

Boletus 

Char a 


of 

from 

rivularis. 

edulis. 

igniarius. 

hispida . 


Phytelephas. Cetraria 








island. 








at 170°. 

at 100°. 

at 180°. 

at ISO 6 . 

at 130°. 



V. 

w. 

X. 

y- 

SS. 

aa. 

lb. 

C.... 

44*14 ... 

.. 44*70 ... 

. 42*57 .. 

.. 44*57 , 

... 44*52 

... 43*40 .. 

43-88 

H .... 

6-30 

.. 6*21 ... 

. 6*52 .. 

... 5*75 . 

.... 6*67 

.... 6*11 .. 

.. 6*-29 

O.... 

49*56 ... 

„ 49*09 ... 

. 50*91 .. 

.. 49*63 . 

... 48-81 

... 50*49 .. 

.. 49*83 


100*00 

„ 100*00 ... 

. 100*00 .. 

.. 100*00 . 

... 100-00 

... 100*00 .. 

.. 100*00 
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3. Fromberg. 


Cellulose from 
Ceiraria 


Agaricus 

albus. 


island-tea. 






at 160°. 

at 150° 






a. 

b. 

c. 

d. 


C 



46-68 

.... 45*85 .... 

45*57 .... 

43*94 


H 



6-18 

.... 6*22 .... 

6*29 .... 

6*12 


0 


.... 

47-14 

.... 47*93 .... 

48-14 .... 

49-94 




100-00 

.... 100*00 .... 100*00 .... 100-00 



Cellulose 



Cellulose 

Cellulose 



from 



from 


from 



Turnips. 



White Cabbage. 


Salad. 



at 150°. 



at 140°. 

at 160 . 



e. 

/. 


g. 7i. 

L 

h. 

c ... 


46.26 .... 44*12 

.... 46-80 .... 43-43 

.... 48-60 

.... 44-73 

H .. 


6*29 .... 

6-08 


6-07 .... 6-26 

.... 6'44 

.... 6*09 

0 .. 


47-45 .... 49*80 

.... 47*13 .... 50-31 

.... 44-96 

.... 49-18 


100-00 .... 100-00 

.... 100*00 .... 100*00 

.... 100-00 

.... 100-00 





4. 

V. B AUM HAUER. 




Cellulose from the Perisperm of Phytdephas. 







at 140°— 150°. 













a. 


b. 

e. 

d. 

e. 


c 

44.37 

.... 

43-57 

.... 43-65 .... 

45-73 .... 

43-63 


H 

6-22 


6*27 

.... 6-31 .... 

6-32 .... 

6*30 


o 

49-41 


50*16 

.... 50-04 .... 

47.95 .... 

50 07 



100-00 


100*00 

.... 100-00 .... 

100*00 .... 

100*00 




Cellulose from the Shell of Cocos nuefera. 




at 120°. 


at 120° 

at 150°. 

at 130°. 

at] 25°. 



/• 


ff- 

h. 

i. 

7c. 


c 

52-99 

.... 

47*19 

.... 46-32 .... 

46*27 .... 

43-73 


H 

5*88 

.... 

6-09 

.... 6-01 .... 

5-81 .... 

6-11 


O 

41*13 


46-72 

.... 47-67 .... 

47-92 .... 

50-16 



100*00 

.... 

100.00 

.... 100-00 .... 

100-00 .... 

100-00 


Cellulose from Cocos layidea. 
at 140°. 


1. m. n . o. 

C... ... 52-21 .... 49*82 .... 49*81 .... 44*19 

H 5*80 .... 6*01 .... 5*93 .... 6*24 

0 41*99 .... 44*17 .... 44*26 .... 49*57 


100-00 

...... 100*00 

.... 100*00 

.... 100*00 


Cellulose 

Cellulose 


Cellulose 


from 

from 


from. 


Peach-kernels. 

Walnut-shells. 


the Skin of 




Cytisus Laburnum.' 

at 140°. 

at 140°. 

at 140°. 

at 160°. 

at 160°. 

P • <1- 

r. 

s. 

t. 

u. 

.... 52*20 .... 52*13 . 

.... 52*22 .... 

49*11 . 

... 45*84 .. 

.. 44*75 

.... 5*83 .... 6*01 . 

... 5*91 .... 

5*97 . 

... 5-84 

.. 6*11 

.... 41*97 .... 41*86 . 

... 41*87 .... 

44-92 . 

... 48-32 

.. 49*14 

100*00 .... 100-00 . 

... 100*00 .... 

100*00 . 

... 100*00 

100*00 
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v. Baumhauer. 5. Blonde au 

~ " ' S ^ de Carrolles. 




Cellulose 



Cellulose 

Flax. 

Cotton. 


from the Skin of 

from the Skin of 





Ulmus campesfris. 

Liriodendron tulipifera. 





at 140°. 

. at 160°. 

at 160°. 

at 140°. 

, at 160°. at 160°. 

at 140°. 

at 140°. 


V. 

w. 

X. 

y- 

z . ' aa. 

n. 

cc. 


c 

49*53 

46*74 

43*81 

47*76 

45*00 44*12 

45*14 

43*95 

40*59 

I-I 

5*98 

5*73 

60S 

5*89 

5*80 6*11 

6*40 

6*24 

6*66 

o 

44*49 

47*53 

50*16 

46*35 

49*20 49*77 

48*46 

49*81 

52*75 


100*00 

100*00 

100*00 

100*00 

100*00 100*00 

100*00 

100*00 

100*00 


6. Mulder. 

-* '*' 



Agave americana. 





— — , .v. 


Elder-pith. 

Phytolacca 

Thorns of 


Spiral- 

Cells of 

from the 

Internodes, decandra. 

Cirmmi 


fibres. 

Bass-fibres. 

Internodes. 

Pith. 

triacantha. 


at 130°. 



at 140°. 

at 135°. 


a. 

b. 

c. 

d. e. 

/- 

c . 

... 47*65 

.... 46.98 

.... 49*28 .. 

46*38 .... 45*84 

... 48*44 

H. 

... 6*04 

.... 6*11 

.... 6*01 .. 

... 6*01 .... 6*07 

.... 6*99 

O . 

... 46*31 

.... 46*91 

.... 44*71 .. 

.. 47*61 .... 48*09 

. . 44*57 


100*00 

.... 100*00 

.... 100*00 . 

... 100*00 .... 100*00 

. .. 100*00 




7. Rochleder & 

Heldt. 

8. 

Rochleder. 


/ 1 


Cellulose from 

"N 



Evernia 

Lichen 

Usnea 

Ramelina 

Parmetia 

Cellulose 


pruna * 

rangi- 

barbat. 

calicaris. 

parietia. 

from 


stri. 

formis. 




Coffee-berry. 


a . 

b. 

c. 

d. 

e. 

at 130°. 

c 

.... 46*01 . 

... 46*28 

.... 46*47 

.... 45*76 .. 

.. 45*88 

47*07 

H 

... 6*63 . 

... 6.75 

.... 6*67 

.... 6*78 .. 

6*55 

6*53 

0 

.... 47*36 . 

... 46*97 

.... 46*86 

.... 47*46 .. 

.. 47*57 

46*40 


100*00 . 

... 100*00 

.... 100*00 

.... 100*00 .. 

.. 100*00 

.. 100*00 


9. SCHAFPNER. 


Elder-pith. Pith of Burdock-i-oot. Sunflower- 

pith. 


at 100°. 

at 150°. 

at 210°. 

at 100°. 

at 150°. 

at 210°. 

at 100°. 

a. 

b. 

c. 

d. 

e. 

/• 

f/- 

C 43*81 , 

.... 47*S0 , 

.... 51*09 , 

.... 45*45 . 

... 48*10 . 

.. 51*39 

.... 44*75 

11 6*40 

.... 6*00 

.... 5*59 , 

.... 6-13 . 

... 5*95 . 

... 5*40 

•*** 6*62 

0 49*79 . 

.... 46-20 , 

.... 43*32 . 

.... 48-42 . 

... 45*95 . 

... 43*21 

.... 48*63 

100*00 . 

.... 100-00 , 

100*00 . 

.... 100*00 . 

... 100*00 . 

.... 100*00 

.... 100*00 


10. Chodnew. 11* Gladstone. 12. Ransome. 





Pulp of 


Cotton. 



Pulp of Apple, at 115°. 

Turnips. 
at 115°. 

Cotton. 



a. 

h c. 

d. 


44*20 

c.. 

.. 45*89 

.... 45*92 .... 45*94 

... 45*97 

.... 44*37 .. 

H.. 

.. 6*27 

6*28 .... 6*25 

6*73 

7*24 ' .. 

7*04 

0.. 

.. 47*84 

... 47*80 .... ’ 47*81 . 

... 47*30 

.... 48*39 

48*76 


100*00 

.... 100*00 .... 100*00 . 

100*00 

.... 100*00 . 

100*00 

a 


K 2 
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13. Schmidt & 
Hecker. 

14. Petten- 

KOFER. 

15. Mitscherlich. 

16. Knop & 
SCHNEDER- 
MANN. 
Cellulose from 


Cotton. 

Cotton. 

Swedish Paper. 
at 140°. 

/ \ 

a. b. 

Cetrar. island, 
at 80°. 

c 

43*27 

.. 44*5 

, 44*22 . 

... 45*82 ... 

43*4 

H . 

6*30 

.. 6*1 

6*23 . 

... 6*25 ... 

6*4 

0 ..., 

50*43 

.. 49*4 

49*55 . 

... 47*93 ... 

50*2 


100*00 

.. 100*00 

, 100*00 . 

... 100*00 ... 

100*00 


17. SCHLOSSBERGER & DoPPING. 



Cellulose 

Poly poms 





from Cork. 

fomentar. 

Daed . querc. 

Polyporus destruct. 


at 100°. 

at 100°. 

at 100°. 




a. 

b. 

<?. 

' d. ^ 

e. 

C.... 

44*91 

45*37 

45*52 

... 43*08 ... 

43*92 

II... 

G*05 

6*82 

6*31 

G*24 .... 

G*65 

0.... 

49*04 

47*81 

48*17 

... 50*68 .... 

49 43 


100*00 

100*00 

100*00 

.... 100*00 ... 

100*00 


IS. F. Schulze. 


Cellulose from 



Swedish 

Paper. 

Cotton. 

Flax. 

Straw. 

"Walnut- 

shells. 

Horn- 

beam. 

Evergreen 

oak. 


a. 

5. 

c. 

d 

e. 

/• 

9- 

C ... 

44*10 ... 

. 41*16 ... 

. 44*35 ... 

. 44*58 ... 

. 44*11 .... 

42*71 . 

... 44-51 

H .... 

6*38 .... 

, G*09 ... 

. 5*97 ... 

. 5*99 ... 

. 6*03 .... 

6*05 . 

... 0*00 

0 ... 

49*52 .... 

52*75 ..., 

. 49*68 ... 

. 49*43 ... 

. 40*86 .... 

51*24 . 

... 49*49 


100*00 ... 

, 100*00 ... 

.. 100*00 .. 

.. 100*00 .. 

.. 100*00 .... 

100*00 , 

.... 100*00 


F. Schulze. 19. Erdmann. 20. Beciiamp. 21. Weber. 




Cellulose from 


From 

From a 

Alder. 

Acacia. 

Pine. 

Cellulose. 

Gun-cotton, Wasp’s-aest. 

h. 

C 43*96 

i. 

.... 48*70 .. 

7c. 

.. 44*29 ... 

1. 

. 44*54 .. 

44*05 ... 

43*3 ..., 


H 5*96 

.... 6*20 .. 

.. 6*09 ... 

. 6*00 


6*3 .... 

7*97 

0 50*08 

.... 45*10 .. 

... 49*62 ... 

. 49*46 ... 

49*69 ... 

50*4 .... 

39*48 


100*00 .. 

.. 100*00 .... 

. 100*00 ... 

100*00 ... 

100*00 .... 

100*00 


All the analyses are calculated after deducting the ash. 

2. Payen (A r . Ann. Sc. nat. Bot. 11, 21 and 27; 14, 73) : a — i, natural cellulose 
in the young state ; 7t, twice, I and m, once purified after preparation, by method 1 ; n 
by means of nitric acid ; o prepared by method 1 ; p obtained by extraction with aqueous 
ammonia, hydrochloric acid, alcohol and water; q by similar treatment after previous 
evaporation to dryness with aqueous potash; r and s, by extraction with water, aqueous 
ammonia, potash, hydrochloric acid, alcohol and ether ; u by method 1, treated with 
chlorine gas; t in like manner, but not treated with chlorine; v. by method 1, w by 8, 
w and y by 9 ; z and a a prepared by 10 ; b b purified by mechanical means. 

3. Fiomberg, (J. pr. Client. 32, 198) : a, c, e, g, i, by once, b, d } f, h, h, by twice 

treating the corresponding vegetable matter with aqueous soda, hydrochloric acid, ether 
and alcohol in succession. * 

4. v. Baumhauer (J. pr. Chem. 32, 204, and 210) : a by exhaustion with ether, 
alcohol, and water ; b further treated several times with glacial acetic acid, washed with 
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hot alcohol and water ; c — e were prepared from the substance used for analysis a : viz. c 
by prolonged treatment with boiling aqueous ammonia, and washing with boiling water, 
glacial acetic acid, water and alcohol, — d by exhaustion with hot weak soda-ley, and 
washing with boiling hydrochloric acid, warm water, alcohol and ether, — e by repeated 
treatment with potash-ley, glacial acetic acid, water, alcohol and ether. — f was 
obtained like a , and by subsequent treatment yielded g — k : viz. g by steeping in cold 
dilute soda -ley, h by eight days' digestion therewith, i by twice steeping in cold con- 
centrated potash-ley, each time for several weeks ; g, h, and i were then further exhausted 
with water, glacial acetic acid, boiling water, alcohol and ether ; k was prepared from / by 
treatment with chlorine, cold water, boiling water, alcohol and ether. Similarly l was 
obtained in the same manner and treated like i, once for the preparation of m, twice for that 
of n. I treated like k yielded o. — p and r were obtained by exhaustion with ether, alcohol, 
boiling water, and hydrochloric - acid, and p treated like i yielded the substance q. — $, v , 
y, obtained by exhaustion with ether, alcohol, boiling water and hydrochloric acid, yielded 
t 3 w, z by treatment with chlorine, cold water, boiling water, alcohol and ether, and u , 
a a, by five days’ steeping in strong potash-ley, washing with cold and hot water, treat- 
ment with chlorine and washing, b b was treated with boiling water and hydrochloric 
acid, c c then further with strong potash-ley, chlorine, water, alcohol and ether. 

5. Blondeau de Carrolles (Rev. scient. 14, 476). — 6. Mulder, a — f prepared ac- 
cording to 2. — 7. Rochleder & Heldt, a — e according to 8. — 8. Rochleder, according 
to 7 . — 9. Schaffner, according to 6. 

10. Chodnew. a prepared by washing with water, alcohol and ether; b by exhaus- 
tion with dilute sulphuric acid ; c by treatment with aqueous potash, weak hydrochloric 
acid, water, alcohol and ether. — 11. Gladstone (Mem. Chem. Soc , 3, 412). 12. Ran- 

some (Phil. Mag. J. 30, 4). — 13. Schmidt & Hecker (/. pr. Chem. 40, 257). — 
14. Pettenkofer (Allg. Zeiiung } 12 Dec. 1846). — 15. Mitscherlich, b somewhat decom- 
posed. — 16. Knop & Schnedermann (J. pr. Chem. 40, 386) prepared by 8. — 17. Sehloss- 
berger & Bopping (Ann. Pharm. 52, 113), a by 11 ; b, c, e by exhaustion with hot 
water, weak aqueous potash, hydrochloric acid and alcohol ; d as it occurs in nature. — 

18. F. Schulze, a commercial paper washed; b — l prepared according to 5. — 

19. Erdmann. Cellulose separated by alcohol from a solution of cotton in aqueous 
cupramraonia. — 20. Bechamp ( Compt . rend. 37, 134; Inst. 1853, 261). Cellulose 
prepared from gun-cotton, by means of a solution of protochloride of iron. — 21. "Weber 
( Pharm . Viertelj. 7, 538; Pharm. Centr. 1858, 864): from a wasp’s nest (corres- 
ponding to the formula C a H 3 O s ). 

The composition of cellulose corresponds to the formula C^BPO 10 (Payen) ; C^H^O 20 
(Mitscherlich, Gerhardt, Schulze); C ls H 12 O u (Gay-Lussac & Thgnard); C 1S H 12 0 1C 
(Proust) ; C 36 H 31 0 28 (Rochleder & Heldt) ; C 24 H 21 0 21 (Mulder, v. Baumhauer, Knop & 
Schnedermann). — According to Reade ( Lond . Ed. Mag. J. 11, 421) the spiral vessels 
of plants differ in composition from cellular tissue. 

Decompositions . 1. Cellulose remains unaltered at common tempe- 
ratures in dry air , but in moist air it rapidly passes into decay and 
putrefaction (see Wood.) — 2. By dry distillation it turns brown and then 
black, without fusion or sensible tumefaction ; emits an empyreumatic 
odour ; yields a limpid, ultimately brown distillate, consisting' of water, 
wood-spirit, empyreumatic oil and vinegar, at the same time giving off 
combustible gases ; and leaves a carbonaceous residue which bums 
easily and completely in contact with tbe air. — The pith of the elder 
tree, of sunflower stalks, and of burdock roots turns brown at 210 a , 
and becomes somewhat tough (Schaffner) *, cellulose after being 
browned by heat is less hydroscopic than before (Rumford) ; even cel- 
lulose prepared from coffee-beans smells when heated like that 
separated from wood and not like burnt coffee. (Rochleder.) — 
Linen fibre carefully heated in a glass tube till it turns yellow, be- 
comes thinner and more shining than cotton, which, when similarly 
treated, becomes more distorted and woolly (this character may serve 
for the detection of cotton in linen). (Bdttger, J. pr. Chem. 30, 257 ; 
Ann. Pharm. 47, 329.) 

3. Cellulose when set on fire bums with flame and without leaving 
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any residue. — Cotton saturated with aqueous chlorate of potash bums 
away like gunpowder. (Dumas, Compt. rend . 23, 984.) Cellulose 
mixed with potassium or sodium bums with a bright light and leaves 
charcoal. (Gay-Lussac & Thenard.) — Paper soaked in a solution of 
1 pt. pearl-ash in 4 pts. water, or linen or cotton cloth soaked in a 
solution of 1 pt. pearl-ash in 2 pts. water, and then dried, chars when 
held in a flame, but does not take fire. (Kirchhoff, Scher. Nord. JBl 1. 
122.) — Cloths repeatedly steeped in alum-solution and then 
moistened with ammonia, or steeped in chloride of calcium solution, 
and then treated with carbonate of potash, are difficult to set on fire ; 
and cloths steeped in subacetate of lead, and afterwards moistened 
with sal-ammoniac, ammonia, or alum, will not take fire at all, but 
when held in a flame, merely glimmer away like tinder. (Morin, J. 
Pharm. 27, 296; J. pr. Chem . 24, 281.) — The combustibility of tissues 
is diminished, or they are made to burn without flame, by steeping 
them in aqueous solutions of hydrochlorate, sulphate, phosphate or 
borate of ammonia, or in mixtures of equal parts of hydrochlorate and phos- 
phate of ammonia, or in borax, or in mixtures of equal parts of borax and 
sal-ammoniac. (Gay-Lussac, Ann. CJdm. Phys. 18, 211 ; Schw. 34, 245.) 
— Tissues are rendered incombustible by steeping them in a solution 
of sulphate of zinc, and then drawing them through aqueous ammonia, 
so that oxide of zinc is precipitated upon them (Morin), or by steeping 
in aqueous sulphate of soda (Smith, 2 SF. Phil. May. 34, 116 ; Dingl. Ill, 
382), or in aqueous sulphate of ammonia, or in aqueous tungstate of 
soda of- 28° TV. mixed with 3 p. c. phosphate of soda. Tungstate of 
soda is the only salt that can be used for fabrics •which have to be 
washed and ironed, because the saline film which it leaves on the stuff 
when dry is smooth and glossy, and allows a hot iron to pass 
smoothly over its surface, a condition not fulfilled by any of the other 
salts above-mentioned. The addition of phosphate of soda is to pre- 
vent the formation of an insoluble bitungstate. (Versmann & Oppen- 
heirn, Communication read before the British Association, 15 Sept, 1859 ; 
Pharm. J. Trans. [2], 1, 385; Chemical News, 1860, 20.*) 

4. Cellulose distilled with peroxide of manganese and sulphuric acid 
yields formic acid and a peculiar substance, which may for the 
most part he removed by distillation after the acid has been neutral- 
ised. (Gmelin, Pogg. 16, 55.) 

5. Cellulose is decomposed, with evolution of carbonic acid by 
chlorine in presence of water and under the influence of heat; a 
similar reaction is produced by hypochlorites. Compare Bastick’s statement 
with respect to starch (p. 84). — Cotton, raw flax, or hemp treated fora 
long time with aqueous chlorine or chloride of lime becomes pulveru- 
lent, and, if heated to redness after being washed and dried, gives off 
d mixture of carbonic oxide and one or more gaseous hydrocarbons 
C 3 BA (Morin, Ann. Chim. Phys . 49, 311 ; Bull . linkers, 50, 337 ; Seine. 
66, 362.) — Cellulose bleached with chlorine still retains a certain 
quantity of that element, even after careful washing with water and 
aqueous alkali. (Leykauf, J. pr. Chem . 21, 316.) — On the bleaching of 
paper-pulp with chloride of. lime, see Darnis {Dingl. 137, 376); De Koninek ( Dingl. 
144, 35b) — By steeping in saturated chlorine-water , and moistening 
after a minute with excess of ammonia, the fibre of Phormium tenax 
becomes bright red ; Italian hemp, orange -yellow, darker after a 
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minute ; French hemp, after rotting in tanks, darker, hut not so 
strongly coloured as the fibre of Phormium tencix. French linen is 
less deeply coloured than hemp; cotton but very slightly. (Graudi- 
chaud ; Payen ; Boussingault, Compt. rend. 29, 492.) 

6. By dry iodine, moist cellulose is decomposed at 150°, with evolu- 
tion of carbonic acid, in the same manner as by chlorine. — Cellulose 
is not coloured by an aqueous solution of iodine (Payen, Schleiden) ; 
but it is blued if subsequently treated with oil of vitriol (Payen, 
Schleiden, Schacht), or if previously boiled with potash (Schleiden, 
Mitscherlich) ; also if subjected to the action of a solution of chloride 
of zinc and iodine (F. Schulze, Schacht, Badlkofer): see Decompositions by 
oil of vitriol, potash and chloride of zinc. 

The cellular tissue of the following plants is directly blued by 
aqueous iodine : Cetraria islcuidica (Meyer) ; the embryo cells of 
Scholia latifolia , Sch. speciosci , Hymen cm Couvbanl , Mncuna urens , and 
Tamarindas indices because they consist, not of cellulose but of vegetable 
amyloid (p. 76) (Schleiden). Trecul ( Compt . rend. 47, 687) rejects 
this term, and regards the kind of cellular membrane which is 
directly blued by iodine as in a state of transition between amorphous 
starch and true cellulose. He observed the direct blueing by iodine 
in the cellular tissue of several phanerogamous plants, in the epidermis 
cells and the lower cuticular tissue of Ornithogalum pyrenaicum , 0. 
ncirbonense, 0. longibracteatum, Scilla autumn alis, hut not constantly ; 
very faintly also in the embryo-cells of Tamcirindus indica and Mucuna 
urens; of various degrees of intensity, but always distinct, in the 
albumen-cells of Iris psuedo-acorus , I. sibirica, &c., Tulipa sylvestris , 
Ornithogalum pyrenaicum , 0. longibracteatum , 0. ncirbonense , &c., Morob 
iridioidis , Agr aphis campanulata, &c., Hyacinthus orientalis , Uropetalum 
scrotinum , Gladiolus psittctcus , Muscari racemosum , Cypella 2dumbea, 
Scilla amcena , he., Bellevcdia romana , Polygoncitum latifolium , &c., .4s- 
paragus amarus , Libertia paniculate c, Sec. ; on the other hand, the 
embryo-cells of Hymencea Courbaril were not blued, and those of Mini- 
useps Ilummel only after boiling for a short time with water. 

7. By immersion in strong nitric acid , or in a mixture of nitric acid 
and oil of vitriol \ or of nitre and oil of 'vitriol, cellulose is converted, 
without dissolving or undergoing any alteration of form, into a mix- 
ture of several explosive nitrogenous compounds, called gun-cotton 
or pyroxylin. — More dilute nitric acid corrodes cellulose, producing 
substances allied to or identical with starch, gum, pecticacid, and malic 
acid, and dissolves it after prolonged boiling, in an entirely decomposed 
state, producing apparently oxalic and suberic acids. 

On the formation of gun-cotton (see page 168.) 

Cotton, linen, or paper immersed for two or three minutes in nitric 
acid of sp. gr. 1*5 acquires the texture of parchment and is rendered 
impervious to light and water*, because it becomes covered with a film 
of xyloxdin (p. 106). 

Paper immersed in cold strong nitric acid swells up to a jelly,' ’’which 
gives a blue colour with iodine on isolated spots, and therefore contains 
starch ; if the paper is sufficiently decomposed, it leaves, after washing 
with water — which appears to dissolve malic acid — a translucent 
brownish, compact, horny mass, which, when heated, softens, swells 
up, and leaves a shining charcoal. (Gmelin). 

Flax and paper become gelatinous by four days’ immersion in 
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fuming nitric acid, nitrous gas being at the same time evolved ; after 
washing with water and aqueous ammonia, the flax is yellow, the 
paper colourless, and both have the composition and structure of 
woody fibre, ~ whence it appears that the acid has merely removed 
foreign matters, without converting the woody fibre into xyloidin. 
(Mulder, J.pr. Chem. 39, 150). 

By immersion for a few seconds in nitric acid of ordinary strength, 
hemp appears pale yellow, flax remains unaltered, New Zealand hemp 
( Phormium tenctx ) immediately becomes blood-red ; the latter coloration 
is produced, even after bleaching or after the fibre has been treated with 
aqueous potash. This reaction may therefore serve for the detection 
of New Zealand hemp-fibre in fabrics. (Vincent, Compt. rend. 24, 542). 
— The fibres of the following plants are coloured pale-red: — Cocos nuce- 
fira and C. aurora ; several species of Corclyline, Pcmdanus and Agave ; 
Maurilia flexuosa; several species of Cissus; Phillandriun aquaticum , 
PapJianus sativus; A laca from Manilla ; two species of Protras. (Gaudi- 
chaud; Paycn; Boussingault, Compt. rend. 24, 542). — The colouring is duo 
to the incrusting substances. (Vincent.) Cotton is scarcely or not at all 
coloured by nitric acid, whereas animal fibres are coloured perma- 
nently yellow. This reaction may serve for the detection of cotton 
in woollen textures. (Bottger, J. pr . Chem. 30, 257 ; Ann. Pharm. 47, 
329.) 

Swedish paper is not at all decomposed by immersion in cold nitric 
acid of sp. gr. 1*2, and hut slightly in the acid heated to 100° 
(Mitscherheh). — Deal-shavings boiled with 10 pts. commercial nitric 
acid and 2 pts. water as long as red vapours are evolved, are 
converted, with simultaneous formation of oxalic acid, into a white 
pasty mass which, according to Saco (iV. Ann. Chim. Phjs. 25, 218) is 
pcctic acid, accordingto Porter (Ann. Pharm. 71, 115), a peculiar acid 
different from pectic acid, (see Pectic acid). 

S. By oil of vitriol woody fibre (cotton) is first rendered porous, 
then dissolved, and the solution yields with water a gelatinous pre- 
cipitate insoluble in water and destitute of optical rotatoiy power. 
By prolonged immersion in the solution, tins substance is converted 
into a second gelatinous mass, also non-rotatory, but soluble in water 
(soluble woody fibre) ; subsequently wood-dextrin is formed, a sub- 
stance having much less rotatory power than dextrin from starch, and 
converted into sugar by boiling with dilute sulphuric acid. (Rechamp, 

Compt. rend. 42, 1213; AC Ann. Chim. Phys. 48, 461; Ann. Pharm. 100, 

367 ; J. pr. Chem. 69, 449). — Woody fibre heated with moderately 
concentrated sulphuric acid is first converted into gum, and at the same 
time into sulpholignic acid (Braconnot) ; first into dextrin (Payen, 
A S. * 7 . Ann. Sc. nat Pot. 10, 85), first into starch (Schleiden, Mitscherlich), 
then into gum (Schleiden), into dextrin (Mitscherlich), and finally — 
by digestion of the solution diluted with water— into sugar. (Bracon- 
not.) The first product is a peculiar substance, Wackenroder’s arti- 
ficial starch (A 7 . Br. Arch . 47, 170), then amyloid, and then dextrin. 
(Schacht, N. Br. Arch. 47, 157). — Amorphous cotton-fibre separated 
by solution of common salt from its solution in aqueous cupram- 
monia, is converted into sugar by boiling sulphuric acid, half an 
hour sooner than cotton in its original organised state. (Schlossberger, 
Ann. Pharm. 110, 247.) — Cellulose, prepared from coffee-beans, is con- 
verted by 36 hours 7 boiling with moderately strong sulphuric acid, only 
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into a mass which dissolves partially, with dark colour, in water. 
(Rochleder.) When linen or paper is heated with water containing 
sulphuric acid, in a Papin’s digester, to a temperature short of 200°, 
only a small portion of it becomes soluble, and is converted into sugar, 
(Grinelin.) — On the preparation of sugar and alcohol from sawdust, with sulphuric 
acid, see Arnould ( Compt . rend. 39, 807 ; Inst. 1854, 36G). 

In consequence of these alterations, cellulose which has been 
treated with sulphuric acid, assumes with iodine, a violet, a blue, and 
ultimately a wine-red colour. Very young cellular tissue is not 
coloured blue by iodine after treatment with oil of vitriol, because it 
does not yet consist of true cellulose or woody fibre ; older cellular 
tissue is blued immediately under the same circumstances, and whereas 
young cellular tissue treated with iodine and strong sulphuric acid, 
often turns brown immediately, without blueing, older tissue requires 
to be treated with concentrated sulphuric acid before it will give a 
blue colour with iodine ; very old tissue requires even to be treated 
with aqueous potash, before it will give the reaction with iodine and 
sulphuric acid. (Trecul, Compt. rend. 47, 688.) — Cellular tissue is turned 
blue by iodine, if it has been previously subjected for half a minute to 
the action of a mixture of 1 pt. water and 3 pts. oil of vitriol 
(Schleiden ; Liebig ; Schacht, N. Br. Arch. 14, 25) ; if it be saturated 
with a moderately strong solution of aqueous biniodide of potassium, 
and bihydrated sulphuric acid then dropped upon it. (Schleiden). 
Cotton is coloured green by tincture of iodine, if it has been previously 
macerated with a mixture of 1 pt. oil of vitriol and 2 pts. water ; dark 
blue, if previously treated with a mixture of 2 pts. oil of vitriol and 
1 pt. water. (Beinsch). Amorphous cellulose separated from aqueous 
cuprammonia, by means of common salt, acquires a fine violet or 
wine-red colour without previous treatment with sulphuric acid, and 
if moistened with a drop of oil of vitriol, and then treated with iodine, 
it exhibits a splendid blue colour (Schlossberger. Ann. Pharm. 110, 247). 

The acid solution separated by filtration from cellulose altered by 
sulphuric acid, turns iodine blue, and contains a body which is thrown 
down by water in white flocks, and by alcoholic iodine as a dark bine 
precipitate (soluble cellulose ? Scliw,). (Liebig, ^ Beinsch.) «— After cotton 
has been treated for an hour with oil of vitriol, the acid is no longer 
precipitated by water. (Mulder, J. pr. Chem. 39, 152.) 

Cellulose treated with oil of vitriol is not coloured blue by alcoholic 
iodine, if it has been previously immersed in water (the iodine in this case 
being merely separated.) (Liebig.) The blued cellulose loses its colour 
when heated with water, and does not recover it on cooling or after 
gradual addition of iodine (Liebig) ; it loses its colour in a large 
quantity of water (Mulder), especially if triturated with a considerable 
quantity of water, and then appears rotten ; treated with water and 
alcoholic iodine, it turns brown, from precipitation of iodine; after 
being treated with oil of vitriol mixed with If pt. water, it is not 
blued again by alcoholic iodine, hut is decolorised by a large quantity 
of water, provided however the action of the oil of vitriol has not gone 
beyond a certain limit (Beinsch), — that is to say, provided unaltered 
cellulose is still present. (Gm.) 

The blueing of cellulose which has been treated with sulphuric 
acid, by iodine, is due to the formation of starch (Schleiden, Schacht, 
Beinsch, Mitscherlich) ; it is no proof of the formation of starch, but 
results from the formation of a body soluble in the acid but precipitated 
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by water, and on which the iodine is mechanically deposited as on 
starch. (Liebig, Ann. Pharm . 42, 308.) 

On the behaviour of cellulose (cotton) when treated with oil of vitriol and iodine 
under the microscope, see Schacht ( N . Br. Arch . 47, 157) ; Payen ( Compi rend. 23, 
999) ; Mitscherlich. 

Cellulose, before dissolving' in oil of vitriol, swells up and becomes 
translucent. — This property may be applied to the detection of linen 
and cotton threads in woollen stuffs : when such stuffs arc immersed 
for a quarter of an hour in oil of vitriol, the linen and cotton fibres 
swell up to a pasty mass, while the woollen threads remain unaltered. 
(Bottger, J. pr. Chem. 73, 498.) — Further, as cotton dissolves in oil of 
vitriol more quickly than linen, the admixture of cotton with linen 
may be recognised as follows. The cloth, after repeated washing with 
rain-water, boiling with water, and drying, is immersed for ^ to 2 
minutes in oil of vitriol, then cautiously squeezed under water with 
the fingers, washed with water, dipped for a few seconds in solution of 
carbonate of ammonia, potash or soda, and dried, after washing with 
water, and drying between bibulous paper. By this treatment the 
cotton fibres are dissolved, while the linen fibres are merely rendered 
thinner and more translucent, according to the duration of the experi- 
ment; the cotton-fibres also become transparent after a short immersion, 
while the linen fibres are still white and opaque. (Kindt, Ann. Pharm . 
61, 253.) 

When paper is immersed for half a minute in oil of vitriol of 66° 
and immediately washed, first with pure, then with slightly ammonia- 
cal water, a substance very much like parchment is obtained : the 
Papyrine of Poumarede & Figuier (Mem. sur le Ligneux et snr quelques 
prorfuits qui lui sont isomeres, Paris, 1847), — the Vegetable parchment of 
Hofmann and Warren De La Rue (Ann. Pharm . 112, 243 ; J.pr. Chem. 
78, 488). — This substance is prepared, according to Game (Ann. Pharm. 
112, 224) by dipping unsized paper in a mixture of -J- vol. water and 1 
vol. oil of vitriol ; according to Hofmann, in a mixture" of A to ^ vol. water 
and 1 vol. oil of vitriol, and washing with ammonaical water. If the 
sulphuric acid is only slightly weaker the transformation is very im- 
perfect ; and if the paper he left too long in strong sulphuric acid, or 
at a temperature above 15°, carbonisation or solution takes place. 
(Hofmann ; compare Reinsch Dingl. 156, 156 ; Chem. Centr. 1860, 
491 ; Dullo, Dingl. 158, 392 ; Chem. Centr. 1860, 25.) 

Such parchments may be formed not only from papers containing* 
fiax-fibres, but likewise from those which contain cotton-fibres — from 
the latter, indeed, more quickly. (Dullo.) They are horny on the sur- 
face only ; have the composition of pure cellulose ; five times the co- 
hesion of the paper from which they are produced, and three-fourths 
as much as animal parchment ; offer considerable resistance to chemi- 
cal reagents ; and when immersed in water, even at the boiling heat, 
merely soften and swell up, but recover their original state when dry. 
(Hofmann.) 

Swedish paper, immersed for 4 weeks in oil of vitriol, became black 
and hygroscopic, and contained, after deducting ash, 68*04 p. c. 0., 
3*37 H., and 27*99 0. ; sulpholignic acid was found in the solution ; 
after 12 weeks, it was converted into carbonaceous matter of similar 
composition. (Marchand, J. pr. Chem. 35, 199.) 

Cellulose distilled with oil of vitriol (also with phosphoric acid or 



CELLULOSE, 


139 


chloride of tin) yields before carbonisation, a volatile oil, then formic 
acid (sulphurous acid ? Gm.) The volatile oil smells of cinnamon and 
prussic acid. (Emmet, Sill. Am. J . 32, 140 ; J. pr. Chem . 12, 120.) 
By the use of sawdust or chaff, Stenhouse obtained furfural. (Phil, 
Mag. J. 18, 122 ; Ann Phcirm. 35, 301.) 

9. Cellulose is converted by strong- hydrochloric acid , in the same 
manner as by oil of vitriol, into soluble cellulose and wood-dextrin. 
(Bechamp.) The solution of cotton in fuming hydrochloric acid, which 
is precipitable by water, does not possess any optical rotatory power. 
(Bechamp, Compt. rend. 51, 255.) 

10. Heated with benzoic acid to 200° for 50 or 60 hours, or in 
contact with benzoic acid and oil of vitriol at ordinary temperatures, 
cotton forms a compound similar to, or identical with benzo-glucose. 
(Berthelot, N. Ann. Chim . Phys. 60, 111.) — Cotton heated with 
butyric acid and oil of vitriol to 100° for 50 or 60 hours, yields traces 
of butyro-glucose (Berthelot) ; and when heated with stearic acid to 
200° for 50 or 60 hours, it yields stearo-glucose. (Berthelot.) 

11. Gaseous fluoride of boron blackens cellulose almost instantly. 
(Berthelot, Compt. rend. 47, 227.) 

12. Cellulose heated to 150° for several days with concentrated 
aqueous ammonia , is converted into a solid, brown, gummy mass, 
which has a bitter taste, smells when heated like roast meat, and 
deliquesces on exposure to the ah. Its solution may be decolorised by 
animal charcoal, and is precipitated by infusion of galls. This mass 
fused with sticks of potash gives off a quantity of ammonia correspond- 
ing to 2*5 — 3 p. c. nitrogen, but it does not give off ammonia when 
boiled with potash-ley or milk of lime. (Bchiitzenherger, Zeitschr. CL 
Pharm, 4, 65. — Comp. P. Thenard, Compt. rend . 52, 444 ; abstr. Pep. 
Chm. pure , 3, 207.) 

13. When cellulose is heated with 3 pts. of melting potash and a 
small quantity of water for a long time, and at last nearly to redness, 
it gives off .hydrogen with intumescence and without separation of 
charcoal, and forms oxalate of potash. (Gay-Lussac, Ann. Chim. Phys. 
41, 398; Pogg. 17, 171; Schw. 58, 87.) — Caustic potash at high 
temperatures forms from cellulose, first formic acid, then nlmio acid. 
(Peligot, Compt rend. 9. 135.) — Aqueous q^otash of sp. gr. 1*5 boiled with 
cellulose dissolves it with brown colour; the ulmic acid contained in 
the solution disappears on heating the liquid to 200° — 225° for four 
or five hours, oxalic, acetic, formic, and carbonic acids being formed at 
the same, time. 100 pts. of sawdust and 300 pts. hydrate of potash 
yield 70 pts. of oxalic acid, which decomposes partially when the solu- 
tion is strongly heated. (Possoz, Compt rend. 47, 907 ; J. pr . Chem. 
76, 314.) When paper is fused with 4 pts. hydrate of potash, the pale 
yellow mass which forms with strong intumescence, contains oxalic 
acid, yielding a quantity of oxalate of lead equal to 46*4 p. c. of the 
weight of the paper. (Buchner & Herberger, Pepert. 38, 189.) 

Cellulose moistened with water, and heated in a retort with an 
equal weight of hydrate of potash, yields hydrogen and a large 
quantity of wood-spirit. (Peligot, Ann. Chim. Phys . 72, 208.) — Wood- 
shavings and linen heated in like manner with aqueous potash till the 
liquid is evaporated down, give off a small quantity of water and 
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cmpyrcumatic oil ; while the residue contains acetate of potash and 
a Immoidal substance prccipitable by acids. (Braconnot.) The same 
mixture more strongly heated gives off carburetted hydrogen gas, and 
the residue in contact with water and oxygen forms humoid substance. 
(Chevreul, Mem . clu Mas. 1825, 379 ; Sprcngel, Kastn, Arch . 81, 170.) 

Cellulose is not altered by boiling with weak potash-ley (Payen) ; 
by strong potash-ley it is converted into starch (Schleiden) ; dissolved 
with previous intumescence and converted into sugar. (Barreswil & 
Eilliet, N. J. Pharm . 21, 205.) Hence cellulose boiled with aqueous 
potash or with hydrate of potash acquires a colour vaiying from 
violet to blue (Mitscherlich) ; similarly, vegetable cellular tissue mixed 
with aqueous potash and evaporated down to a saline crust, loses its 
colour again when boiled with water, becomes blue with iodine only 
when again treated with potash, and is finally converted by treat- 
ment with potash into ulmin. (Schleiden, Ann. Plictrm . 42, 301.) — 
The property of linen-fibre to acquire a deep yellow colour by boiling 
with a mixture of equal quantities of water and potash-hydrate, 
whereas cotton is little or not at all coloured by it, is applied by 
Bottger (/; p\ Chem, 30, 257 ; Ami. Pharm . 47, 329) to the detection 
of cotton in linen. 

14. A concentrated aqueous solution of chloride of zinc , heated with 
cellulose, dissolves it with tumefaction, but without colour,’ and con- 
verts into a modification of cellulose, afterwards into sugar, (Barres- 
wil & Eilliet, A 7 . J. Pharm. 21, 205 ; J. pr. Chem . 56, 58.) 

As soon as cellulose comes in contact with aqueous cliloride of zinc, 
it is coloured dark blue by iodine (Barreswil & Eilliet) ; hence it is 
immediately blued by an aqueous solution of iodated cliloride of zinc (F. 
Schulze), although no gradual solution or change of form takes place. 
(Eadlkofer, Ann . Pharm. 94, 332.) — To prepare the solution of iodated 
chloride of zinc, a solution of zinc in hydrochloric acid is evaporated to 
a syrup with excess of zinc ; iodide of potassium is dissolved in it to 
saturation ; iodine is then added, and the liquid is diluted, if necessary, 
with water (Schacht, Das MikrosL-op, &c., Berlin, 1851, 31) ; or better, 
the neutral syrup is diluted with distilled water to sp. gr. 1*8 at 15°, 
and 6 p. c. iodide of potassium is dissolved in it, together with as much 
iodine as it will take up. (Eadlkofer.) 

Paper dipped into a strong solution of chloride of zinc, is converted, 
in the same manner as by sulphuric acid, into vegetable parchment. 
(Dallo, Dingl. 158, 392 ; Chem. Centr . 1861, 25.) 

15. When an aqueous solution of bichloride of tin is left to dry upon 
cotton or linen, and then heated to 120° — 130°, the substance is 
blackened in consequence of the formation of caramclin. (Maumene, 
Compt. rend. 30, 314 ; 39, 422.) 

16. Cellulose is not fermentable . When slices of fresh potatoes are 
immersed in water at low temperatures, together with slices of 
putrifying* potatoes, the cells of the fresh potatoes separate from one 
another, and the filtered water contains a ferment which decomposes 
slices of fresh potatoes in the same manner ; the disintegrated cellular 
tissue finally dissolves, whereas the starch- granules remain unaltered. 
The ferment thus produced acts only upon cellulose ; just as in the 
potato-disease, only the cellulose is attacked. 
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Combinations. Cellulose is insoluble in water. 

With Bases. — Woody fibre (linen) absorbs from 70 — 100 volumes 
of ammonia gas. (Walter Crum, Ann. JPharm. 55, 221.) 

Cellulose with Potash. When calico is immersed for 10 to 80 minutes 
in syrupy potaslx-ley, and then washed with alcohol of sp. gr. 0*825, it 
shrinks on drying to T V 5 and contains 14*72 p. c. potash, corresponding 
to the formula CTB?°O 20 ,KO (calc. 14*59 p. c.) Gladstone. ( Ghem . Sac . 
Qu. 5, 17.) 

Cellulose with Soda . — When calico is immersed for 10 — 30 minutes 
in soda-ley of sp. gr. 1*342, and then washed with hot alcohol of 
sp. gr. 0*825 it shrinks by one-fourth on drying, and contains, on the 
average 9*68 p. c. soda, corresponding to the formula C 2 tH 20 O 20 , NaO 
(calc. 9*65 p. c.). Common unwoven cotton forms a similar compound ; 
prolonged immersion or the use of stronger soda-solution appears to pro- 
duce partial solution and decomposition. Cotton likewise unites with 
soda in other proportions, but never with a greater quantity than that 
contained in the compound above-mentioned. Water extracts all the 
soda from the compound, leaving a more contracted fibre, which, when 
dried, has a more brilliant aspect than ordinary woody fibre. (Glad- 
stone, Chcm. Soc . Qii. J. 5, 17 ; J. pr. CJiem. 56, 247.) f. Cotton 
passed through a solution of caustic alkali of 35° — 39° Bm., then 
washed in water, in dilute sulphuric acid, and again in water, contracts 
both in length and breadth, acquires increased tenacity, and takes 
colours much better than ordinary cotton. The amount of alteration 
varies according to the strength of the solution. The same effect is 
produced by sulphuric acid of 48° Bm. at 87*5°, and by chloride of zinc 
solution of 64° Bm. at 65° — 71^°. (Mercer, Rep. Patent. Invent. 1851, 
358 ; Dingl. 121, 488 ; Lieb. Kopp . Jahresber. 1851, 747.) 

Cotton does not separate alumina from solution of alum or acetate of 
alumina , Walter Crum, Phil. Mag. 85, 334 ; J. pr. Chem . 50, 123 ; Erd- 
mann & Mittenzwey) ; but if the solution of acetate of alumina, ferric 
acetate, or other salt containing a volatile acid is left ' to dry upon 
cotton, the salt is decomposed after a short time, the acid volatilises, 
and the base is precipitated on the cotton in so close a state of union, 
that it cannot be removed by washing with water. This combination 
is merely mechanical, and is limited to the inner surface of the cotton- 
fibres forming a tube, (Walter Crum, Ann. Pharm . 55, 223). — The 
structure of cotton has no influence on its relation to the solutions of 
metallic salts ; organised cotton digested for 24 hours with cold-satu- 
rated aqueous solution of alum at 40° — 50°, took up no sulphuric 
acid, and only traces of alumina ; amorphous cellulose separated from 
an aqueous solution of cuprammonia did not take up any thing from a 
10 per cent, solution of alum. (Erdmann & Mittenzwey.) 

The dyeing of cotton depends npon its mechanical surface-attraction 
for certain colouring matters. (Walter Crum/Erdmann & Mittenzwey), 
consequently organised as well as amorphous cotton may be dyed 
(Bolley, Ann. Pharm. 106, 235 ; Dingl. 148, 142 ; J. pr. Chem. 74, 
881) ; but it does not take up solutions of metallic salts or mordants 
(Vcrdeil, Compt . rend. 47, 961 ; J. pr. Chem . 77, 58). — To dye cotton, 
flax, and hemp, in such a manner that they may not lose their colonr 
by washing or rubbing, the colouring matter which has penetrated 
the fibre must be rendered insoluble, since these fibres, unlike those of 
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wool or silk, do not possess any actual attraction for colouring matter 
mixed with mordants. (VerdeiL) — Runge regarded dyed cotton as a 
chemical compound of the mordant-base, colouring matter^ and 
woody fibre ; but since dyed cotton dissolves for the most part in an 
ammoniacal copper-solution, just like woody-fibrc, leaving the mor- 
dant-base and the colouring matter undissolved, this view can scarcely 
be correct. (Bolley, Ann. Phctrm. 106, 235; J.pr. Chem . 94, 381). 

Cotton digested even for a long time with hydrated ferric oxide does 
not take up any of the oxide. (VerdeiL) 

With Copper. — Cellulose dissolves in aqueous basic hyposulphate or basic 
sulphate of cuprammonium (Schweizer, J.pr. Chem. 72, 109; Chem. Centr. 
1858, 49); most easily in aqueous basic carbonate of cuprammonium (Sch- 
weizer, J. pr . Chem. 76, 344), iu aqueous oxide of cuprammonium (Peligot, 
Compt. rend. 47, 1034). — Erdmann (J. pr. Chem. 76, 385) maintains — in opposition 
to the opinion of Schweizer, Cramer, and others — that this liquid is not a true homo- 
geneous solution, hut a liquid similar to gelatinous starch, merely containing the cellu- 
lose in a swollen state. 

To prepare the copper-solution (called Cuoxam by Cramer), basic 
hyposulphate of copper (4Cu0,S 2 0 5 ) or basic sulphate of copper, is 
dissolved in aqueous ammonia ; or the precipitate formed by carbonate 
of soda in a solution of sulphate of copper, is dissolved, after washing 
and moderate drying, in aqueous ammonia of sp. gr. 0945 (Schweizer); 
or recently precipitated hydrated cupric oxide is dissolved in strong 
aqueous ammonia (Schlossberger) ; or aqueous ammonia, mixed with 
a few drops of sal-ammoniac (Schweizer), is made to trickle through 
copper turnings (Peligot) ; through cementation-copper , that is to say, 
metallic copper obtained by precipitation. (Peligot.) — The solvent 
power of the copper-solution for cellulose increases with the amount 
of copper contained in it, and is diminished or completely annihilated 
by acids, salts, or sugar. (Schlossberger.) 

Cotton immersed in aqueous biphosphate of cuprammonium becomes 
first gelatinous, then slippery, and forms an almost transparent gummy 
liquid, which may be filtered after additiou of water. The cotton -fibre 
before dissolving in the ammoniacal copper-solution, becomes darker in 
colour than the liquid itself. The degree in which it swells up depends 
upon the concentration and mass of the acting solution ; in excess of 
the concentrated copper-solution, it dissolves instantly without previous 
tumefaction (Cramer.) The act of solution is not attended with evo- 
lution of heat. (Schweizer.) 

Paper (Schweizer), hemp, and flax- fibre are acted upon by the 
ammoniacal copper-solution in the same manner as cotton, excepting 
that flax-fibre is not uniformly attacked, and consequently swells up in 
knots here and there, and shortens at the same time, before dissolv- 
ing. Many uni-cellular algm, many fungi, a few lichens, the bass- 
fibres of Cinchona rubra , the pith-cells of Hoya carnosa , pappus-hairs, the 
clavate masses of cellulose in the epidermal cells of Ficus elastica , 
and cork (also the spongy cellular tissue of mushrooms : Fremy) are 
not at all altered by the ammoniacal copper-solution ; the wood-cells 
of Taxus baccata and Quercus are but slightly coloured by it ; the wood- 
cells of Finns , and the cells of Fucus vesiadosus , Gaulerpa prolifera , &e., 
more distinctly; inmost cases, however, wood-cells swell up iu the 
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solution, and then dissolve more or less quickly. (Cramer.) — From 
some plant-cells aqueous cuprammonia dissolves the pure cellulose of 
the outer membrane, leaving an inner membrane, which turns green, 
and when treated with acids yields pectic acid ; other cells are not at 
all altered by the copper-solution. Thus the bass-fibres of all plants 
and the utricular tissue of fruits dissolve immediately, w T hercas the 
pith of trees and the fibrous tissue of wood remain undissolved. 
(Fremy, Compt . rend. 48, 202 and 275.) — In cases in which the action 
of the aqueous cuprammonia on woody fibre takes place slowly or not 
at all, it is generally the presence of foreign matters in the wood-cells 
that prevents the solution from coming in contact with the woody 
fibre ; hence, in many cases, the action of the copper-solution may be 
brought about by finer comminution of the woody fibre, or by boiling 
it with nitric acid and chlorate of potash. (Cramer.) The insolubility 
of woody fibre in aqueous cuprammonia may also be caused — inde- 
pendently of the presence of foreign bodies mixed or combined — 
by its state of aggregation, or because the contact of the solution 
with the cellular tissue is prevented by the presence of air between 
the fibres. The pith of plants, which is insoluble in aqueous cupram- 
monia, dissolves when cut up. By trituration in cold water, 45 p. c. 
is rendered soluble, or 75 p. c. if the insoluble pith has been dried in 
vacuo at 110° before trituration. Hackled flax, and even that 
which has been steeped in warm water, withstands the action of the 
copper- solution for more than six hours, whereas the fibre of Swedish 
paper dissolves in it immediately ; hence no conclusions as to the 
existence of isomeric modifications of cellulose can be drawn from its 
more or less easy solubility in aqueous cuprammonia. (Payen, Compt. 
rend. 48, 772.) Those kinds of cellulose which are insoluble in aqueous 
cuprammonia (excepting the spongy tissue of mushrooms) are 
rendered soluble by boiling with dilute acids or aqueous alkalis. 
(Fremy, Compt. rend. 48, 275.) — The solubility of cotton in aqueous 
cuprammonia is not diminished by dyeing' or mordanting ; it still dis- 
solves, leaving the colouring matter and the mordant. (Bolley, J. pr. 
Chcm. 74, 381; Ann. Pham. 106, 235.) 

Aqueous cuprammonia dissolves a quantity of cellulose equal 
in weight to the copper which it contains. (Peligot.) Its solvent 
power is limited ; for when poured upon excess of cotton, it loses in a 
few minutes its capacity of dissolving' fresh quantities of cotton, not 
even causing them to swell up. (Cramer.) 

The solution of cellulose in cuprammonia is precipitated by a large 
quantity of water, even without loss of ammonia by evaporation, and 
the more abundantly the longer it stands (Cramer, Schlossberger, 
Payen, Erdmann) ; by acids in excess (Schweizcr, Cramer, Payen), or 
even by a quantity of acid not sufficient to saturate the ammonia 
(Payen) ; by salts, even by sulphate of copper ; also by sugar, honey, 
a thick solution of dextrin or gum, and by alcohol, but not by a strong 
aqueous solution of urea, by chloroform or by ether. The solution 
when boiled gradually acquires a light blue turbidity, and on addition 
of potash deposits black oxide of copper. (Schlossberger.) 

The flocculent precipitate obtained with water, acids, salts, sugar, 
&c., is amorphous cellulose ; it possesses all the properties of ordinary 
cellulose excepting the structure (even the colouxing power, according 
to Bolley), and when dried, appears more or less grey, translucent, 
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brittle, tasteless, not glutinous, and resembles dried starch-paste 
(Schweizer) ; if separated by alcohol, it is white after careful washing' 
and drying. (Erdmann.) 

In contact with basic acetate of lead , cellulose (filtering paper) swells 
up considerably, rendering filtration impossible, and after 48 hours is 
converted into a loose thread-like tissue. The compound formed after 
sufficiently prolonged contact contains, after washing with hot water, 
33*1 p. c. oxide of lead (3 PbO^C^EFO 20 = 34*1 p. c.) (Vogel, N. Report. 
6, 239.) 

Cotton immersed in a solution of plumbate of lime (obtained by mix- 
ing neutral acetate of lead with lime till the resulting precipitate is 
redissolved), abstracts the lead. (Walter Crum, Ann. Pharm. 55, 227.) 

In aqueous solution of nicJcel-ammonia, cellulose does not swell up, 
but remains colourless and undissolved. (Schlossberger, J. pr. Chew. 
73, 869.) 

In the indigo-vat , cellulose turns yellow, and on exposure to the air, 
blue ; hut no chemical compound of cellulose with indigo is formed 
( W alter Crum) ; it is not coloured by solution of indigo or of carmine 
and has no attraction for these colouring matters. (Maschke, J. pr. 
Chem. 76, 47.) 

Cellulose is insoluble in alcohol , in ether , and in oils both fixed and 
volatile . 


First Appendix to Cellulose . 


1. Paracellulose. — The utricular tissue of the wood which forms 
the medullary rays ; hence also in the pith of trees. — Soluble in oil of 
vitriol , strong hydrochloric acid, and strong boiling potash-ley . Insoluble 
in aqueous cuprammonia, but becomes soluble after 24 hours’ boiling 
with water, or by treatment with acids or aqueous alkalis. (Fremy, 
Compt. rend. 48, 667 and 862 ; Ff. J . JPharm. 35, 321 and 401 ; abstr. 
Instit. 1859, 121 and 151.) 

2. Yasculose . — The constituent which forms the vessels of wood. 
To obtain it, the vessels, as they occur in nature, are first treated 
with potash-ley to remove albuminoids, pectinoids and tannin, then 
repeatedly with hydrochloric acid, increasing the strength each time, 
and with cold oil of vitriol to remove utricular and fibrous tissues ; 
and the residual matter is washed with water, alcohol, and ether. — • 
Vasculose is insoluble in concentrated acids, soluble in strong boiling 
potash-ley ; insoluble in aqueous cuprammonia, (Fremy, Compt. rend. 
48, 862 ; N.J. .Pharm. 35, 401 ; abstr. Inst. 1859, 151 ; Rep. Ghim. pure. 
1, 433.) 1 9 

8. Fibrose. — The substance which forms the fibres of wood. — Wood- 
shavings are boiled with strong potash-ley, and washed with water, 
alcohol, and ether.- — White, easily turns mouldy; according to Decaisne, 
it exhibits under the microscope, the structure of woody fibx*e, only 
somewhat enlarged by the prolonged action of the alkali. — It dissolves 
in oil of vitriol , without passing into dextrin , and is separated from the 
solution by water as a thick translucent ]elly. It is insoluble in pot- 
ash-ley and in aqueous cuprammonia. (Fremy, Compt. rend. 48, 862 ; 
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-A 7 . J. Pkarm. 35, 401 ; abstr. Inst. 1859, 151 ; Rep. Chim . pure, 
1, 433.) 

4. Cntin. — In the epidermis (cuticulci) of leaves, petals and fruits, 
together with woody fibre, albumin, pectino'id substances and fat. 
(Fremy.) — According to Payen ( Compt . rend. 48, 775) all the external 
parts of plants, viz., the epidermis and cuticle, consist of cellulose im- 
pregnated with fats, nitrogenous bodies, and inorganic salts ; he denies 
{Compt. rend. 48, 893), the presence of any peculiar substance not con- 
taining nitrogen or woody fibre. 

The cuticle of leaves, or the leaves themselves, are boiled for half 
an hour with weak hydrochloric acid and washed with water ; the 
woody fibre is removed from the residue by aqueous cuprammonia ; 
and the undissolved portion is treated successively with water, hydro- 
chloric acid, weak aqueous potash, alcohol, and ether. (Fremy.) 

Cutin exhibits under the microscope, the aspect of an amorphous 
perforated film. It is very extensible, contains 73*66 p. c. C., 11*37 H., 
and 14*97 0., approaching in composition to the fats. (Fremy.). — 
According to Payen {Compt. rend. 48, 893), if is a product of the trans- 
formation of the cuticle by the reagents above-mentioned, and not a 
peculiar constituent contained therein. 

It decomposes wlien heated , producing fatty acids. It is not decom- 
posed by cold nitric acid , but when boiled with that acid yields all the 
products that are formed in like manner from the fats, especially 
suberic acid. It is not altered by contact with cold oil of vitriol or 
boiling hydrochloric acid. It is saponified by boiling concentrated 
aqueous potash, and from the soap thus formed, a liquid fatty acid may- 
be separated, which is soluble in alcohol and ether, but appears to be 
different from oleic acid. Cutin is not altered by dilute aqueous 
alkalis , by ammonia , or by any neuti’al solvent. 

Cutin is insoluble in aqueous • cuprammonia also in ether (Fremy. 
Compt. rend. 48, 669 ; N. J. Pkarm. 35, 321 ; abstr. List. 1859, 121 ; Rep. 
Chim. pure , 1, 357). 


5. Suberin. 

Fourcroy. Systhne , 8, 98 ; Scker. J. 8, 2S8. 

Ciievreul. Ann. Chim. 62, 323 ; A r . Gehl. 5, 379. — Ann. Chim. 96, 155 ; 
8ckw. 16, 327. 

Popping-. Ann. Pharm. 45, 290. 

Mitscherlich. Ann . Pharm. 75, 310 ; J. pr. Chcm. 50, 148. 

KorJcstoj?. 

First investigated by Brugnatelli, then by Bouillon-LagTange, 
Fourcroy, Link, and others. — It is the chief constituent of the outer 
bark of Quercus Robur; forms the cuticle of other plants (Fourcroy), 
sometimes the amorphous coherent integ’umcnts of the entire 
plant, sometimes only the external cellular layer of the stem, 
very often several layers, as in potatoes ; it also forms a film over the 
most delicate hairs of plants, which, like cotton, are difficult to wet 
with water, unless the cork has been previously removed by oxidising 
substances. (Mitscherhch.)— Resembles Fremy’s cutin.— It is modified 
woody fibre. (Gerhardt, Treaty 2, 485.) 
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Rasped cork is exhausted successively with water and alcohol 
(Chevreul), with ether, alcohol, and water (Mulder, J.pr. Chem . 39, 
155), and afterwards with dilute hydrochloric acid, which treatment, 
however, does not remove cork-resin (xiii. 204), a nitrogenous sub- 
stance, or woody fibre. (Dopping.) 

Very light, soft, and elastic ; of cellular structure. Reddish grey 
(Dopping'). Not easily wetted by water. 



Mulder. 

Dopping. 

Mitscherlich. 


at 130°. 




a 

b 

c 

d'' 

c 

65*52 . 

67*3 .... 

.... 62-30 . 

... 05*73 

H 

7*97 . 

8*7 .... 

.... 7*15 . 

... 8*33 

V 


2*3 .... 

.... 3*03 . 

... 1*50 

0 


21*7 .... 

.... 27-52 . 

... 24-44 



100*0 .... 

.... 100-00 . 

... 100*00 


a and b from cork; c from potatoes ; d from cork, carefully purified from the brown 
substances which envelop it. It is not exactly known whether the nitrogen is an essen- 
tial constituent of the suberin itself, or exists only in the substances which adhere to it. 

Suberin yields by dry distillation , gases, a small quantity of acid 
water, a colourless, or brown oil, a small quantity of ammonia, a crys- 
talline oil which melts when heated, and a sublimate which volatilises 
with a fatty odour, and leaves an easily combustible charcoal aggre- 
gated here and there in lumps. (Chevreul.) — It bums easily in the 
open fire, with tumefaction and (brilliant white flame (Chevreul), 
emitting a peculiar odour like that of crude cork (Dopping), and 
leaving a soft, loose, tumefied coal. (Chevreul.) — Chloride of iodine 
converts it, with evolution of hydrochloric acid, into a mass which con- 
tains chlorine and iodine ; gives up those elements to water -when 
boiled with it ; and leaves a brown-black, tough, glutinous mass, inso- 
luble in water, soluble in aqueous alkalis, alcohol, and ether, yielding 
by distillation iodine, hydrochloric acid gas, carbonic oxide, and car- 
buretted hydrogen, and leaving a carbonaceous residue. (Casaseca, 
J. Pharm. 12, 620 ; J. pr. Chem. 17, 151.) — It is oxidised by nitric acid 
of sp. gr. 1*2, even below 100°, the cells becoming soluble with tume- 
faction in aqueous potash, and separating from one another ; at the 
same time reddish products are formed, which melt in the boiling 
acid and are soluble in alcohol, and ultimately suberic and succinic 
acid. — Cork, the suberin of potatoes, and the cuticle of Aloe lingua 
yield similar products hi variable quantities, any woody fibre that may 
also be present remaining insoluble in the acid, even if the mixture be 
heated over the water-bath till no more red fumes are evolved. The 
suberin of potatoes yields, with nitric acid, 6 per cent, of a fatty acid 
soluble in alcohol ; common cork yields 39*67 p. c. of a fatty acid, 
leaving 2*55 p. c. woody fibre. (Mitscherlich.) — Suberin treated with 
nitric acid forms oxalic acid (Chevreul, Dopping) ; if first macerated 
with 6 pts, nitric acid of sp. gr. 1*28, and therf distilled, it yields a 
nitre-resin, suberin, oxalic acid, ammonia, and artificial bitter, leaving 
woody fibre. Common cork yields with nitric acid, the same products, 
together with traces of benzoic acid, giving* off nitrous gas, carbonic 
acid, hydrocyanic acid, and acetic acid. (Chevreul) — Oil of vitriol 
blackens cork, does not form gum from it (Vogel), hut when heated 
slowly forms brown products. (Mitscherlich.) 
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0. W ood. 

Fourcroy. Systems des connciisances chimiques , 8, 87. 

Proust. J. Phys. 48, 469 ; Scher. J. 7, 707. 

Saussure. A. Geld . 4, 681, 

Rumford. Sclav. 8, 160. 

Braconnot. Ann. Chim. Phys. 12, 172 ; Schw. 27, 328 ; Gilb. 63, 347. 
Paten. JV. Ann. Sc. not. Pot. 11, 27; abstr. Compt. rend. 8, 51 ; J. pr. 
Cliem. 16, 436. 

v. Baumhauer. Scheik. Onderzoek. 2, 62 ; J. pr. Cliem. 32, 204. — Jlcpert . 
95, 220. 

Baer. JV. Br. Arch. 56, 159. 

Chevandier. Arch. phys. not. 8,5; JV". Ann. Chim. Phys. 10, 136. — 
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Wood consists, according to Payen, v. Baumhauer, and Schulze 
of cellulose or woody fibre, which forms the cell-walls, and of 
incrusting substances deposited thereon ( Sclerogen , Lignin = products 
of decomposition of the decaying cells [Schleiden, Grundz. cl. toiss. 
Boianih , Leipzig, 1849, 1, 172]). Fremy denies the existence of incrust- 
ing substances, and supposes that the true woody tissue consists of 
vasculose , which is insoluble in oil of vitriol, soluble in boiling concen- 
trated potash-ley, paracellulose soluble in oil of vitriol and in boiling 
potash-ley, and fibrose soluble in oil of vitriol, but insoluble in boiling 
concentrated potash-ley (see page 144). Wood likewise contains the 
following substances in variable quantities, varying with the season and 
locality, and with the species and age of the plant : — the constituents 
of the sap, such as albuminoidal substances (0*81— -0*12 p. c. nitrogen, 
according to Chevandier), sugar, gum, tannic acid, &c., colouring 
matters, starch (only in autumn and winter), pectose, according to 
Fremy (Payen found none), resins and volatile oils, and the ordinary 
mineral constituents of plants. 

The external properties of the wood depend, partly on the mode of 
union of the fibres (ivory or fibrous texture), partly on the proportions 
between the essential or adventitious proximate constituents. Hence 
the several species of wood differ greatly in hardness, colour, and ap- 
parent specific gravity. The latter, that is to say, the specific gravity 
of the wood air-dried, but still containing air , varies, according' to Kar- 
marsch {Grundz. d. mech. Technology, 635), from 0*383 (poplar- wood) to 
1*342 (logwood). The actual specific gTavity of different kinds of 
wood is tolerably uniform, 1*5, according to Violette; from 1*46 
(maple) to 1*53 (oak), according to Rumford. Wood always contains 
a larger quantity of carbon than cellulose ; its composition varies be- 
tween very wide limits (according to the nature of the incrusting sub- 
stances: Payen), as much apparently in the same as in different 
woods. The lowest- and hig'hest amounts actually found axe : 46*10 
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p. c. C., (beech-wood) Baer, and 54*44 p. c. (oak-wood) Pa, yen ; (beech- 
wood = 54*35); — 5*55 p. c. EL, (box- wood) Prout, and 6*40 p. c. 
(aspen- wood) Payen ; — 39*32 p. c. 0., (oak-wood) Payen, and 46*87 
p. c. (beech- wood) Baer. 

Decompositions , 1. Wood may be heated to 150° without sensible 
alteration. At a higher temperature, decomposition begins, its course 
being different according as the products are free to escape, or are 
kept in contact with the wood under increased pressure. 

A. Wood exposed to a high temperature in close vessels is 
converted into charcoal resembling coal and burning with flame. 
(Hall, N. GeJil . 1, 612.) Perfectly dry wood of sycamore, oak, birch, 
box, or poplar, heated in a sealed glass tube to 360°, melts to a black 
liquid which solidifies with tumefaction ; dry logwood melts to a red 
liquid which solidifies to a chestnut-brown mass. Wood (even log- 
wood) heated in the same manner with half its weight of water, is 
converted into a substance resembling bituminous coal, and burning 
with a smoky flame. (Cagniard Latour.) Wood of the berry-bearing 
alder dried at 150°, containing 47*51 p. c. 0., 6*12 EL, 46*29 O., and 
0*08 ash, yields, when heated in a sealed glass tube, gases which 
escape with violence when the tube is opened, a very faintly coloured, 
clear or milky liquid, and a solid residue, which resembles red coal 
(BothJcohle) if it has been charred between 160° and 200°, black coal 
(, Schwarzhohle ) between 220° and 280°, and caking coal if charred at 
still higher temperatures. At 280° it still retains the structure of 
wood; between 300° and 320° it is tumefied, at 340° fused into a 
dense mass ; it then amounts to 79*1 p. c. of the wood employed, and 
consists of 77*07 p. c. C., 4*70 H., 14*04 O., and 3*84 ash. (Violette.) 

The composition of the wood and of the residue at different temperatures, as stated by 
Violette, are not in accordance with the quantity of the residue. (Ritter.) Vegetable 
substances strongly pressed between moist clay, so that the vapours 
can escape but slowly, and heated to between 200° and 300°, yield a 
residue resembling coal. (Baroulier, Compt. rend. 46, 376; Chem. 
Centr. 1858, 368.) Firwood and water heated together in a close 
vessel to 400°, yielded a coaly residue, black, hard, dense, shining, 
difficult to burn, and giving off scarcely any traces of volatile matter 
when heated. (Daubree, Ann. Min . [5], 12, 305.) 

B. When wood previously well dried is heated in vessels which 
allow free egress to the volatile products of decomposition, water is 
first driven out, and there passes into the receiver, first a colourless, 
then a yellowish liquid. As the temperature rises, the vapours 
become smoky, the distillate continually more coloured, and smoky 
gases escape. The liquid distillate becomes mixed with drops of oil, at 
first mobile and slightly coloured, then continually more viscid and 
dark-coloured, so that the exit-tubes are filled with black pitch liqui- 
fied by the heat. The residue in the retort is charcoal (HohhohU). 
The liquids which pass over mix in the receiver and separate, when 
left at rest, into two layers, an upper watery layer, which is Crude 
Wood-vinegar^ or Pyroligneous acid , and a lower layer consisting of 
Wood-tar. 

In the dry distillation of hornbeam-wood ( Carpiims Betulus ), Woll- 
ner’s empyreumatic fat is obtained in the outermost receivers, floating 
on the top of the empyreumatic oil ; it resembles mutton-fat, has a 
specific gravity of 0*979, melts at 94°, and is saponified by alkalis, 
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yielding glycerin. (Wollner, Sclav. 59, 454; Kastn . Arch. 1829, 363 ; 
Berzeh Jahresher. 10, 228.) 

The composition of the gaseous, liquid and solid products of the 
dry distillation depends partly on the constitution of the wood em- 
ployed, hut more on the degree and manner of heating', so that the 
quantitative proportions of the several compounds vary greatly, and 
many, under certain circumstances, are absent altogether. At the 
lower degrees of heat, a comparatively larger quantity, of oxygen and 
hydrogen is employed in the formation of water ; at higher tempera- 
tures (above 800°) there is a more abundant formation of acetic acid 
and other oxygen -compounds, together with hydrocarbons ; the more 
rapidly the heat is applied, the larger is the quantity of .wood- vinegar 
and tar produced, and the smaller the quantity of residual charcoal. 
(Stolzc, Wmckler, Karstcn.) 

Gases. The gases evolved in the ordinary process of distilla- 
tion are carbonic oxide, carbonic acid, marsh gas, and hydrogen, 
containing scarcely any traces of other hydrocarbons ; but if wood is 
heated — as for the preparation of illuminating gas, to a temperature 
considerably above that at which the liquid products of the distillation 
are decomposed, olefiant g'as and other hydrocarbons of higher atomic 
weight are formed, at the expense of the tar, (Pettenkofer.) 

The crude wood- vinegar and the wood-tar are resolved — according 
to the kind of treatment to which they are subjected — into various 
but still mixed products. 

a. By distilling off 10 to 15 per cent, of the crude wood-vinegar, 
Crude Wood-spirit is obtained, consisting principally of the more volatile 
matters such as acetic acid, acetate of ammonia, methylic alcohol, 
acetate of methyl, lignone, acetone, aldehyde, mesite, pyrocatechin, 
and pyroxanthogen. It likewise contains, in greater or smaller quan- 
tity (probably according to the quantity of the product distilled from 
the crude wood- vinegar), volatile oils, a substance which turns brown 
on exposure to the air, and bodies identical with those which remain 
in larger quantity in the residue of the crude wood- vinegar, and in the 
tar. 

See Wood-spirit, vii. 2S5 ; Acetic acid, viii. 274; Aldehyde, viii. 283 ; [Scanlairs 
Liquid, ix. 55] ; Acetate of Methyl, viii. 484 ; [ Acetone , ix. 1] j Lignone , ix. 41 ; 
Mesite, ix. 53; Pyraxanthin, xiv. 163. — The non -bracketed bodies in this list are 
mentioned in the places cited, with reference to their origin and their separation from 
crude wood-spirit. Respecting Weidmann and Schweizer’s Mesite and Xylite, see ix. 48 ; 
also Volekel ( Fogg . 83, 272 and 557) ; on Creosote and the Volatile oils of Wood-spirit, 
see below. 

On mixing crude French wood-spirit with water, a pale yellow 
layer of oil separates, which distils over between 90° and 200°, and 
may be decomposed by fractional distillation after being treated with oil 
of vitriol. Toluene, xylene, and cumene are then obtained hi succession, 
and between 164° and 168°, a peculiar hydrocarbon, isomeric with 
cumene and mesitylene, but differing from both. (See xiii, 838). 
(Cahours, Compt. rend. 30, 319.) 

Pyrocatechin (xi, 379) occurs in crude wood- vinegar to the amount 
of T V to 4- per cent., — likewise in all products of the distillation of 
wood, (Pettenkofer, Ann. Pharm. 87, 256 ; M. Buchner. Ann. Pharm , 
96, 186). 

5. The residual portion of crude wood-vinegar is an aqueous solution 
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of variable quantities of acetic acid, empyreumatic oil, and resin, and 
a peculiar extractive matter called empyreumatic extract. (Berzelius.) 
It likewise contains creosote, a small quantity of eupione, and other 
volatile oils. (Reichenbach, comp, xi, 140.) 

By boiling the residue with excess of potash-hydrate, this empy- 
reumatic oil and resin are for the most part removed, while the extract 
remains dissolved. If the wood-vinegar be neutralised with lead-oxide 
or ammonia, neutral acetate of lead then throws down the empyreu- 
matic resin, and the filtrate freed from lead by sulphuretted hydrogen, 
leaves on evaporation, a nitrogenous mass resembling vegetable ex- 
tract, and separated by alchohol into a soluble and an insoluble por- 
tion. The empyreumatic resin still contains acetic acid ; it may be 
further decomposed by digesting* it with alcohol, and treating the dis- 
solved portion with ether and soda-ley, and after prolonged boiling 
with water, is converted into mould-like substances (Berzelius; 
for further details, see Berzelius , Lehri . 3 Aufl. 4, 499.) 

If the distillation of the crude wood-vinegar be continued after the 
crude wood-spirit has passed over, distilled wood-vinegar is obtained, 
and a red-brown syrup, called wood-vinegar tar remains behind. The 
former, on account of the furfurol and creosote which it contains, can- 
not be obtained colourless, even after repeated rectification, and always 
leaves a slight residue of wood- vinegar tar. (Yolckel.) 

The distilled wood- vinegar may be freed by agitation with ether, 
from volatile oil, creosote, and pyroxanthogen ; the former may 
likewise be removed by neutralisation with potash-ley. On boiling the 
liquid nearly neutralised with potash-ley, the volatile oils are driven 
off ; and if the residual liquid, while still boiling, be supersaturated 
with potash, it acquires a deep brown colour, and on subsequent 
addition of hydrochloric acid, deposits brown flocks, probably produced 
by decomposition of furfurol. By supersaturating distilled vinegar 
with hydrate of lime, the solution, if immediately filtered, becomes 
turbid on standing or warming, in consequence of the action of the 
lime on the volatile oils. On evaporating the liquid, a yellowish brown 
substance separates, while acetate of lime crystallises out, partly by 
itself, partly in combination with YolckeTs assamar. 

The wood- vinegar tar mixed with water deposits a black-brown 
viscid mass, the supernatant liquid remaining strongly coloured. If 
the viscid mass be freed by repeated boiling with water from adhering 
acetic acid, YolckeTs assamar, creosote and volatile oils, the residue 
becomes bitter and friable, and yields to ether a red-brown resin 
(softening by heat, having a pitchy odour, which it loses by prolonged 
heating to 100°, solidifying at the same time, — and containing 7036 p. c. 
C., 7*4 H., and 22*24 0.) ; — it afterwards yields to alcohol a brown sub- 
stance (containing 63*9 p. c. 0., 5*1 H., and 31*0 0.), a small quantity only 
remaining undissolvecL This body soluble in alcohol is, according to 
Yolckel, produced from his assamar by elimination of water and formic 
acid. (Yolckel.) 

e. If the wood-tar be again subjected to distillation, three layers of 
liquid collect in the receiver, the upper being light tar-oil (the empyreu- 
matic oiloi Berzelius), the middle consisting of wood-vinegar and water, 
and the lowest, of heavy tar-oil (the empryeumatic resin- and oil of 
Berzelius.) When about half the tar has been distilled off, the residue 
solidifies on cooling, forming the Hack pitch of commerce.-— If the 
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entire distillate be again rectified, the liquid which passes over consists 
cliiefly of eapione, so long as it floats on the water, afterwards of creosote 
when it sinks, and finally of paraffin, when grey vapours make their 
appearance. (Eeichenbach.) After the paraffin, chrysene and pyrene 
(C 20 XT 12 ) pass over. (Laurent.) 

The usual constituents of wood-tar are the following, besides small 
quantities of those which pass over in greater quantity into the 
crude wood-spirit and wood- vinegar, mesite (bq 53), toluene (xii, 226), 
xylene (xiii, 116), cumene (xiii, 338), methol (xiii, 341), and a peculiar 
hydrocarbon isomeric with cumene (xiii, 341); eupione (vid. inf.), creosote 
(xi, 134), carbolic acid, cresol, capnomor, picamar, pittacal, cedriret, 
paraffin, naphthalin, paranaphthalin, chrysene and pyrene. _ 

The heavy tar-oil obtained in the distillation of very resinous woods 
contains retene C 36 H 18 (Krauss & Fehling ; Fritzschc.) 

The first portions of empyreumatic oil obtained in the distillation of 
wood are colourless and mobile, but the subsequent portions are yellow, 
finally brown and black, and at the same time more viscid. On recti- 
fying this oil per se, the same appearances are repeated, and charcoal 
is left in the retort at each distillation. But by distilling the empy- 
reumatic oil, a few times with water, it is obtained colourless and 
mobile, and leaves a residue of pitch. (Berzelius, Lehrh. 3 Aufl. _ 8, 
486.) The residue left on distilling the empyreumatic oil with 
water, yields to water, acetic acid and, resin, while a resin is left, 
identical with that obtained from glance-soot ( Glanzruss ). (Cohn, Ann. 
Chun. Phys. 12, 209.) 

The first twenty litres of the volatile distillate from 600 kilo- 
grammes of beeehwood tar contain acid water and mesite, together 
with smaller quantities of creosote, eupione, and picamar. ‘ The 
picamar may be prepared from that portion of the distillate 
whose specific gravity lies between 0*9 and 1*15 ; the pittacal and 
capnomor from that portion of the tar obtained in the course of 
the distillation which sinks in water. (Eeichenbach ; for further details re- 
specting this body see below.) 

Light Tar-oil. — This oil always passes over yellow, even after 
repeated distillation, because it contains furfurol, pyroxanthogen, and 
other substances. When subjected to dry distillation, it yields, be- 
tween 40° and 100°, a small quantity of liquid, consisting of acetate 
of methyl, acetone, mesite, xylite, and products of decomposition of 
the latter bodies ; and between 100° and 200°, a mixture of oxygen- 
ated and non-oxygenated products. The portion which goes over 
between 100° and 150°, yields, when treated as directed at page 341, 
vol. xiii., toluene, xylene, oxide of mesityl, and a small quantity of 
methol; the distillate obtained between 150° and 200°, yields, when 
treated in like manner, methol and oxide of mesityl, and appears to 
contain a small quantity of capnomor. (Volckel, Ann. Pharm. 86, 331.) 

The light volatile tar- oil appears, therefore, partly to go over with the wood-spirit, 
inasmuch as Cahours found the same bodies in French wood-spirit (see page 150). The 
volatile oil from wood-spirit examined by Kane (Ann. Pharm. 19, 168), was doubtless 
also a mixture of the same bodies (Kr). 

RdchenJjadis Eupione. — Under this denomination, Eeichenbach 
described several bodies, probably of mixed nature. Subsequently the 
name was applied to certain empyreumatic oils, agreeing with Eeich- 
enbach’s eupione in being unalterable by oil of vitriol or by potash- ley 
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(xiv, 324). (Gregory, J. pr. Chem. 4, 5. — E. Braudes, JV. Br. Arch . 
16, 122.) — a . Formerly (Seine. 61, 177; 62, 129; Berz. Jakresber. 12, 
309), Reichenbach obtained eupione from wood-tar, or from the tar of 
animal substances, — by freeing the light tar-oil from all its alterable 
constituents by agitation with oil of vitriol, distillation with nitre and 
oil of vitriol, and digestion with potash-ley, oil of vitriol, and hot 
potash-ley successively, — and then rectifying the floating’ eupione over 
potassium, — as a colourless, thin, tasteless, and odourless liquid, of sp.gr. 
0*74, boiling at 169 °, not solidifying at 20°, difficult to set on fire, but 
burning from a wick with a smokeless flame. This eupione is regarded 
by Volckel (. Pogg . 82, 496) as a mixture of the hydrocarbons from 
light tar-oil. — b. More recently (J. pr. Chem . 1, 877 ; Berz. Jahresber. 
15, 400), Reichenbach prepares eupione from the oils obtained by the 
dry distillation of rape-oil, in the same manner as formerly from wood- 
tar, and now obtains it as a colourless, extremely mobile liquid, of high 
dispersive power, of sp. gr. 0*655 at 20°, and boiling at 47°.— Eupione 
prepared by Reichenbach did not boil when immersed in water at 80°, 
and contained 77*46 p. c. C., 14*31 H., and 8*23 0. (Hess, Ann. Pharm. 
23, 253). — From birch- wood tar, Hess (Pogg. 36, 417) obtained by 
Reichenbach 5 s method, only the heavy volatile eupione boiling between 
100° and 140°, and containing equal numbers of atoms of carbon and 
hydrogen ; but from oil-tar lie obtained a very mobile liquid, which 
passed over between 45° and 75°, and was not altered by oil of vitriol. 
The latter still contained oxygen, and after deducting this element, it 
contained carbon and hydrogen in the atomic proportion C 10 H 12 ; 
according to Frankland (Ann. Pharm. 74, 57), it is perhaps partly or 
wholly identical with hydride of amyl C 10 H 12 . 

By repeated fractional distillation of the heavy tar-oil, a light oil 
which passes over at the beginning of the distillation, and paraffin 
which passes over at the end, may still be separated. When enough 
carbonate of potasb to neutralise the acetic acid which still adheres to 
it, is added to the middle portion, an oil separates, which may be 
divided, by agitation with potash-ley of sp. gr. 1*2, into an insoluble 
part (which contains light volatile oil) and an alkaline solution, from 
which acids separate creosote and capnomor. — The portion of pine- 
wood tar which distils between 150° and 220°, contains carbolic acid 
and cresylic alcohol. (Duelos, Ann. Pharm. 109, 135). Gorup-Besanez, 
could not detect carbolic acid in beech- wood tar. (Ami. Pharm. 87, 
258). 

Black pitch dissolves almost completely in alcohol and in potash-ley. 
When its alkaline solution is boiled, a coloured oil, possessing a stupe- 
fying smell passes over ; and when made acid again, it yields volatile 
fatty acids on boiling, while a black mass is deposited. On boiling this 
mass with water, creosote is given off ; and if the treatment with 
potash and acid, which has just been described, be several times repeated, 
the black mass is converted into a black powder, which, after long 
boiling with hydrochloric acid, yields to alcohol only a small quantity 
of resin, and there remains a substance, insoluble in alcohol and also 
in potash, and containing 65*04 p. c. carbon, 4*89 p. c. hydrogen, 
and 30*07 p. c. oxygen. (Volckel.) 

The residue left by the destructive distillation of wood, — 
the charcoal , that is, — retains the structure and form of the wood 
but has a smaller bulk. Between 280° and 340°, it is obtained as 
red coal, and at higher temperatures as black coal (comp. p. 149) ; the more 
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intense the heat, the less hydrogen and oxygen does it retain, but it is not 
obtained quite free from them, even if heated to the melting point of 
platinum. The specific gravity, hardness, and conducting power of char- 
coal, increase with the temperature at which it is prepared; its absorptive 
power for water, and its inflammability, on the other hand, diminish as 
the temperature rises. Charcoal prepared at 290° has sp. gr. 1*406, 
that prepared at the melting point of platinum has sp. gr. 2*002 ; pre- 
pared at 260° — 280°, it takes fire in the air at 840° — 360°; prepared 
at the melting* point of platinum, it does not take fire below the melting 
point of copper. The employment of overheated steam renders the 
charring* more uniform, and causes it to take place at a lower tempera- 
ture than it otherwise would. Charcoal prepared by means of over- 
heated steam, below the melting point of antimony (430°), has the 
properties of charcoal prepared without steam, at 1200°. (Yiolette.) 

The products of the distillation of peat, lignite , and coal , contain a 
large proportion of the compounds obtained by distilling wood ; the more 
recent the formation of the substance employed, the more of them does 
the distillate contain. Light, pale-coloured peat and lignite, which still 
sliow a distinctly woody structure, yield a light tar, and an acid watery 
distillate, often in such quantity that the latter might bo employed for 
the manufacture of wood-vinegar ; while heavy, dark, black peat and 
most kinds of lignite, yield ammonia- water, and a heavy tar con- 
taining volatile bases. Peat begins to decompose at 109°, yielding at 
first water and a small quantity of yellow, mobile oil, and afterwards 
ammonia-water and tar. The various kinds of peat yield 5*6 to 9*2 
p. c. tar, and 25 to 39 p. c. ammonia-water. Lignite is decomposed 
much below red heat and yields 1*5 to 12*75 p. c. tar and 12 to 70 p. c. 
ammonia- water. Peat- or lignite-tar is coffee-brown, of sp. gr. 
0*880 — 0*975, and generally solidifies, from containing paraffin, when 
cooled. In the further treatment of the tar*, it is carefully freed from 
ammonia- water by being* heated to 100° and allowed to subside; the 
heavier tars are slowly heated, common salt or Glauber’s salt being added 
to hasten the separation; and then the tar alone is gradually heated in 
a still. . Gaseous sulphide of ammonium and pyrrol-bases pass over 
below 100° ; at 100°, a little very strong ammonia- water and light oil 
of sp. gr. 0*700 ; next follow oils of constantly increasing density in 
accordance with which they are separated into various portions. 
Above 200°, a fresh quantity of water appears, separated out from 
carbolic acid and creosote, and, when the water has ceased to come, 
oils containing paraffin. The distillation is continued till the residual 
asphalt-pitch has acquired the proper degree of hardness, or until it is 
entirely charred. (Yohl.) Yohl thus obtained from many different 
peat-tars, from 11 to 84*6 p. c. light oil of sp. gr. 0*820, from 8*67 to 
36 p. c. heavy oil of sp. gr. 0*860, from 0*424 to 8*01 p. c. paraffin, and from. 
11*54 to 42*4 p. c. asphalt-pitch; from lignite-tars, he obtained from 
10*63 to 33*5 p. c. light oil, from 11*11 to 43*6 p. c. heavy oil, from 
1*25 to 6*73 p. c. paraffin, and from 11*11 to 22*22 p. c. pitch. Prom 
other peat -tars, he obtained 18*9 — 34*5 p. c. carbolic acid and creo- 
sote, and 46*5 p. c. from lignite tars. The gas evolved at the begin- 
ning of the distillation of peat has little or no luminosity ; later on, as 
the temperature rises, it has somewhat more. In order to use peat or 
lignite for the preparation of illuminating gas, they must be treated 
in the same way as wood. Coal-tar is specifically heavier than the 
foregoing, — its sp. gr. is 142—1*15 (Mansfield), — richer in volatile 
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bases, heavy oils, and generally in naphthalin ; as the last product, 
however, is only produced by the contact of the vapours with the red- 
hot sides of the retort (see xiv. 2, 3) it is not a necessary constituent, 
and may be entirely wanting in tar which distils at a comparatively 
low temperature. It is generally found in coal-tar, and in larger 
quantity when clay retorts are used than when iron retorts are em- 
ployed. The more naphthalin a tar contains, the less paraffin can be 
found in it. Grace Calvert found in tar from Boghead-coal, 41 p. c. 
paraffin hut no naphthalin, and, on the other hand, in tar from three 
other kinds of coal, no paraffin, but as much as 58 p. c. naphthalin. 
These tars contained 3 — 14 p. c. carbolic acid, 2 — 12 p. c. light oil, 
12—35 p. c. heavy oil, and 14—29 p. c. pitch. Thenius found in gas- 
tar, on an average, 4 p. c. light oh, 3 p. c. pure carbolic acid, and 
4 p. c. ammonia- water ; on the contrary, he found, in tar obtained By 
careful destructive distillation, more than 30 p. c. of light oil of sp. gr. 
0*900. The further treatment of coal-tar on the large scale for the 
purpose of obtaining its several constituents, is the same as that fol- 
lowed in the Case of peat and lignite-tar. For the mode of separating the 
various hydrocarbons, seexi. 135 — 137 ; for the mode of separating the carbolic acid 
see xi. 143. 

In addition to the substances already enumerated as contained in 
wood-tar, coal-tar contains rosolic and brunolic acids (Range), propyl 
(C 12 XI 14 J, butyl (C 16 II 18 ), amyl (C 20 !! 22 ), and caproyl (G 2i H 2G ), — [% ac- 
cording to Williams’s latest experiments, ( Chem . Soc. J. 15, 130) these 
hydrocarbons, which be formerly believed to be homologues of methyl 
and ethyl, are probably homologues of marsh-gas (hydride of methyl) ; 
e. [/., C 12 EL U = C 12 H 13 ,H (hydride of caproyl), C 1C T1 18 = C 1G H l7 ,II (hydride 
of capryl) &c. f], — caproene, cenanthylene (Williams), parabenzene 
(Church), cymene (Mansfield), methylamine and its homologues up to 
amylaminc (Williams), aniline (Runge, Hofmann), pyridine, picoline, 
lutidine, collidine, parvoline (Williams), conidine (G 20 OTP 5 ), rubidine 
(C 22 NIi 17 ), viridine (C 24 NH 19 ), (Thenius), chinoline, lepidinc, cryptidine, 
(Williams), pyrrol (Runge),*, anthracene (C^H 10 ) (Laurent, Anderson). 
The bases are combined with hydrosulphuric, acetic, carbonic, prussic, 
and hydro-sulphocyanic acids, and, in. the watery distillate and tar 
from lignite and peat, with formic, propionic, and butyric acids 
(Sullivan), and valerianic acid. (Void.) 

Many of these bodies are probably also contained in wopd-tar, and 
have not as yet been found in it, only because they exist in too small 
quantity. 

The liquid hydrocarbons, with the exception of cymene which passes 
into the heavy oil, are found for the most part in the light coal-tar-oil. 
The boiling points of several of them lying very close together, it is 
impossible to separate them by fractional distillation ; lienee, according 
to Anderson, the following process must be followed for this purpose. 
The hydrocarbons of the general formula G a H n are converted into bro- 
mine-compounds by agitation of the mixture with bromine and water ; 
the hydrocarbons C n H n+2 and those of the benzene series, C n H n ~ 6 , which 
remain unaffected by this treatment, are distilled off ; the residue left 
to stand, and the middle layer of the three into which it separates 
repeatedly distilled with alcoholic potash and sodium, in order to repro- 
duce the hydrocarbons G n H n . In this way, caproene, b. p. 71° (see xl 
411. The boiling point of caproene is 55° according to Fremy [W] ) } — may he ob- 
tained from that portion of the distillate from Boghead-coal which 
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passes over between 71° and 77° and lias sp. gr. 0*75, and cenanthylcne, 
b.p. 99° (xii. 445), from the portion which boils between 82° and 88°. 
(Anderson.) The liquid distilled off from the bromine-compounds is 
treated with fuming nitric acid, or with nitro -sulphuric acid, whereby 
the hydrocarbons of the general formula C n H n " 2 * * * 6 are converted into 
nitro-compounds ; the portion not attacked by the acids is separated, 
washed with aqueous alkali, dried by means of solid potash, and recti- 
fied over sodium : by this process a mixture of hydrocarbons isomeric 
with the alcohol-radicals is obtained, the constituents of which can be 
separated from one another by fractional distillation. (Anderson.) 
Carbolic, rosolie, and brunolic acids occur principally in the heavy oil, 
and naphthalin also to some extent ; but the last substance is chiefly 
obtained, together with paranaphthalin, chrysene, and pyrene, by the 
distillation of the pitch. The volatile bases occur, according to Hof- 
mann, for the most part (to the extent of about 1 p. c.) in the heavy 
oil : according to Thenius, in the light oil of sp. gr. 0*890 — 0*900 : and 
the bases of the chinoline series, according to Williams, in the heaviest 
oil Pyrrol and adhering hydrocarbons are removed by boiling from 
the acid solution of the crude bases, obtained by shaking the oil with 
sulphuric or hydrochloric acid after it has been strongly cooled to 
separate the naphthalin ; the bases are then separated by caustic pot- 
ash, purified by being several times alternately dissolved in acid and 
separated by alkali, dried by distillation over solid potash, and the 
several bases are at last separated from each other either by fractional, 
distillation, or, according to Williams, by fractional distillation and 
by fractional crystallisation of their platinum-salts. According to 
Anderson (A r . Phil. Mag . J, 9, 214, 214), aniline cannot he separated 
by distillation from the bases of the pyridine series ; in order there- 
fore to prepare these in a state of purity, the aniline must be previously 
destroyed by nitric acid. For the preparation of the individual bases from coal- 
tar, see xi. 247, 264 ; xii. 337 ; xiii. 149, 245 ; xiv. 103, 519 ; xv. 5. 

The acids of the fatty acid series, together with hydrocyanic, 
liydrosulpho-cyanic, and hydrosulphuric acids, are found principally 
in the ammonia- water, in combination with ammonia, methyl amine, 
and other bases. The several constituents arc not, however, strictly 
separated from each other according to the principal subdivisions of 
the products of distillation, but are for the most part contained, though 
only in small quantity, in each of them. 

The distillation of coal being commenced at a temperature at which 
a part of the liquid products of distillation are decomposed, the gas so 
formed always contains from the beginning luminous hydro-carbons ; 
towards the end, when the heat is much increased, scarcely anything 
is formed hut marsh-gas and hydrogen, and at last the latter gas only. 
Coal-gas generally contains sulphide of carbon vapour. The residue 
of the distillation, the coke, varies in its properties in the same way 
as charcoal, according to the degree of heat employed. 

2. By the action of the air . — A. Wood either dry or moist inclosed 

with air, forms carbonic acid in the course of a few months at the 

ordinary temperature. (Kars ten, Perl. Acacl Per. 1860, 38 ; abstr. J. 
p\ Ghem. 79,226). 

B. The sawdust of recently felled timber (oak and hornbeam), 
pressed together and kept in a moderately warm place, enters after 

some time into vinous fermentation (caused by the presence of sugar 
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and albuminous substances in the sap), and yields an alcoholic distil- 
late. (Ckevandier.) 

0. In moist air, wood decays or moulders ; whereby a distinction 
is made between dry-rot and wet rot When undergoing dry-rot, 
which occurs when it is moderately damp and air is almost excluded, 
wood retains its light colour, and often even becomes lighter, and its 
elements separate in almost the same proportions as those in which 
they exist in wood. Dry-rot is sometimes accompanied by evolution 
of light, (i, 191). It is always accompanied by a fungoid growth, but 
whether as cause or effect cannot be decided. In wet rot, moul- 
dering (simultaneous decay and putrefaction), wood assumes continually 
a darker and darker colour, and becomes continually richer in carbon, 
mould being produced at the same time. Moist wood, putrefying in 
confined air changes the oxygen of the air into carbonic acid, hut pro- 
duces even more water than carbonic acid. (Saussure.) Decaying 
vegetable substances putrefy in an atmosphere of hydrogen, but con- 
tinue to evolve carbonic acid (Saussure) ; hence Liebig assumes that 
the formation of carbonic acid during decay is due to the oxygen of 
the substance, and that the oxygen of the air unites with the 
hydrogen of the body undergoing decay. From Mayer’s and Will’s 
analyses of oak-wood mould, and from Gay-Lussac & Thenar cl’s 
analyses of oak-wood, he concludes that 1 at. carbonic acid is formed 
for every atom of water. — Hermann found 186*8 volumes of air, with 
which 21 volumes of putrefying wood had been hi contact for five 
days, diminished by 4*3 volumes, 3*5 vols. nitrogen and 27*8 vols. 
oxygen having been replaced by 27*0 vols. carbonic acid. In 262 vols. 
of air, 13 vols. nitrogen and 27 vols. oxygen were replaced by 40 vols. 
carbonic acid after ten days contact with 28 vols. rotting (not com-, 
pletely rotten) wood. By making the arbitrary assumption that, in 
the last case, the water with which the wood was moistened, 
absorbed “ about” 13 vols. carbonic acid, Hermann concluded from 
these experiments, that, in the production of mould, nitrogen is taken 
up from the air and nitrogenous mould and ammonia formed, and that, 
in the decay of fresh wood, 4 measures of carbonic acid are formed for 
every 1 measure of nitrogen and 2 measures of oxygen. (Since, how- 
ever, the air contained in the rotting* wood, which contains, according 
to Dessaignes (i. 192), a great deal of carbonic acid but only a little 
oxygen, is not taken into account here, it is more likely that the 
differences in the proportion of nitrogen in the air are caused by the 
exchange of nitrogen for carbonic acid existing ready formed in the 
wood; Ritter.) He assumes the formula C 36 H 33 0 33 to represent the 
composition of wood, and expresses its decompositions during putre- 
faction by the following equations : 

a. ' + 0* + N = 4 CO 2 + 4 HO + C 32 HH 18 0 14 (M- 

trolin ). 

b. Further decomposition of the nitrolin : 5 C 33 NH 18 G U 4- 0 52 + 
N 3 ‘ 5 = C 70 N 3 HI 35 0 33 (. Eokhumussaure ) + 2 C 33 HH 16 G 14 (. Himiusexiract ) 
4* 3 NH 3 4- 26 CO 3 4- 14 HO; 

or, 4 C 32 NH 18 O u -f G 50 + W 5 = (Hohhumussaure) 

+ C 33 NH 16 Q U (Humusextmct) + 3 NH 3 + 26C0 3 + 12 HO. 

He supposes that 1 at. of the ammonia thus formed remains combined 
with the “ Holzhumussaure, 5 ’ and that 2 at volatilise. 

c. Further decomposition of u Holzhumussaure ; ” 6 O^N^H^Q 38 

4* O 9 + 5 C 18 NH 9 Q 9 {Humiisquellsdure) + 11 C 30 H 15 H 12 O s 4-33 HO; 
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d. u Torfsatzsaure C^N^H^o 9 + 12HO + G 3 + N a5 = 2C lfi NH“0 1 *. 
Mulder assumes the existence from the first in rotting' wood, of crenic 
acid, O^H^O 16 , apocrenic acid, C "IPO 24 , and ulmic acid, P°EPQ 12 , the 
first of which disappears when air has free access. He assumes that, 
in general, oxygen is thereby absorbed from the air, but that only a 
little carbonic acid is formed. This applies especially to the incrusting' 
substance ; in the case of cellulose (C 24 H 21 0 21 , according to Mulder) he 
supposes a simple splitting up, without absorption of oxygen ; thus, 
2 C 24 H 21 0 21 = C 40 H 14 0 13 ( ulmic acid ) + 8 CO 3 + 14 HO -f II 14 ; or, 
5 C 34 H 21 0 2X = C 40 H X4 G X3 ( ulmic acid) -+ C 24 H 12 Q 16 (crenic acid ) + 

C 4S H X2 Q 24 ( apocrenic acid) + 8 CO 2 + 87 IIO + IT 30 . Hence, and from 
the processes which he supposes to take place in the further oxidation 
of the constituents of mould to carbonic acid (e. g., C 40 H 14 O 12 + 
CT-MPG 16 + C 48 H 12 0 21 + O 172 = 112 CO 2 + 38 11), lie assumes that 
probably in most cases a large excess of hydrogen remains, and sup- 
poses that it is not wholly oxidised by the air ; and that, when air has 
only partial access, carbonic oxide and carburetted hydrogen are 
formed instead of carbonic acid, the excess of hydrogen uniting with 
nitrogen from the air to form ammonia. He seeks to support this 
view by the observation that mould, as it occurs in nature, always 
contains ammonia, and by the experiments already quoted (vii, 94), in 
which he left substances free from nitrogen in contact either with air 
or water only, or with air, water, and charcoal, and so obtained 
ammonia or (nitrogenous) mould. The yield of ammonia in these 
experiments, seems to have been greater in proportion as the raw 
material, from which the non-nitrogenous substance was prepared, 
was .richer in nitrogen. Cane-sugar yielded but little, milk-sugar 
much more, while starch acquired a distinct smell of cheese, and evolved 
gas. 

D. When the supply of air is very limited, as under water con- 
taming* air, the decay of wood assumes still more the character of 
putrefaction. Carbonic acid and marsh-gas are evolved, and the 
formation of peat (principally from the lower marsh-plants mixed with 
only occasional woody particles), of lignite ( proum coal), and (after a very 
long time) of coal, takes place, accompanied by a fungoid growth, 
mostly of an acid character. Many kinds of lignite contain hydrogen 
and oxygen in the proportion to form water. The lignite of Ring- 
kuhl has been formed from oak-wood by the loss of carbonic acid and 
water. (Liebig.) — Assuming that heat and pressure have not 
exerted an influence, and that atmospheric oxygen has not had access, 
the formation of lignite must have been accompanied by absorption of 
oxygen and evolution of carbonic acid, marsli-gas, and water. (Bis-,, 
choff, J.pr. Chem. 81, 329.)The piles of ancient bridges are sometimes 
almost entirely converted by river-water into a brown, easily powdered 
mass. (Herve-Mangon, Bull. Soc . d’ 'Encouragement, 1857, 834.) Ap- 
parently well preserved wood from an ancient fortification on the 
sea-coast, near Carthage, contained 58*9 p. e. ash and 31*6 p. c. organic 
matter, consisting, when dried at 120°, of 58*9 — 60*0 p. c. C., 
5*8 — 5*9 p. c. H., 0*6 p. c. H., and 33*5 — 35*0 p. c, O., and therefore 
approximating- to the composition of lignite. (Peligot, Corrupt, rend. 
44, 933.) — Elevation of temperature may produce the same result as 
length of time in decay of this kind. Wood and plants heated in 
water, with access of air, to 100° in the day-time and to 62° — 75° at 
night, during 1 — 2 years, were converted into lignite, but not into 
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coal even after 2f years 9 heating’. With the addition of a quantity of 
green vitriol, eqnal to 1 p. c. of the vegetable matter, they became like 
coal. (Goppert, Pogg. 72, 174; J. pr. Chem. 42, 56.) Concerning the 
preservation of Wood see vii, 112. 

3. Action of the air at high temperatures. — A. With limited access of air: 
Charcoal-burning , Distillation of Tar , Manufacture of Lamp-black. These 
processes are essentially the same as dry distillation, the only differ- 
ence being that, instead of heat being applied externally, it is generated 
by the partial combustion of the substance operated upon. The pro- 
ducts are therefore nearly the same. In charcoal-burning’, the vapour 
is not condensed. In the manufacture of lamp-black it is decomposed, 
partly by more air being allowed to have access, partly by exposure 
to a high temperature in a flue of masonry which very soon becomes 
red-hot, in such a way that almost all the hydrogen is burnt, and 
nothing remains but finely divided carbon mixed with naphthalin and 
small quantities of ammonia and of a substance resembling mould. 

Concerning the empyreumatic oil obtained in the distillation of tar see p. 151. 

Soot contains many salts, chiefly carbonates, miuiates, sulphates, 
phosphates, and acetates of ammonia, potash, lime, and magnesia. It 
yields to water 50 p. c. of soluble matter, and from the residue 1S’5 p.c, 
of ulmin can be extracted by alkalis. The aqueous solution also con- 
tains ulmin. When evaporated to an extract, ether, employed either 
alone or with addition of hydrochloric acid, takes up from it a light 
yellow, bitter oil, which dissolves in a large quantity of water, and is 
precipitated from its aqueous solution by sugar of lead, at first with a 
yellow, afterwards with a green colour, and is also precipitated by 
tincture of galls, and is further soluble in alcohol, but not in oil of tur- 
pentine, and is decomposed by heat or by nitric acid. This substance 
is Braconnot’s Asbolin. When the aqueous solution of soot is precipi- 
tated by sugar of lead, and the liquid evaporated to the consistence of 
honey after the excess of lead has been removed by sulphuretted 
hydrogen, alcohol precipitates from the residue Braconnot’s animal 
matter of soot. This body deposits reddish-yellow, transparent scales 
by solution in water and evaporation, and yields empyreumatic oil and 
carbonate of ammonia by destructive distillation. (Braconnot, Ann. 
Chim. Flips. 31, 37, & 53.) Lamp-black also contains many salts and 
a resin resembling asphalt, which can be extracted by oil of turpen- 
tine, and further broken up by alcohol. (Braconnot.) By dis- 
tillation, either alone or with water, it yields empyreumatic oil and 
naphthalin ; the latter body is also found sublimed inside the lids of 
the casks in which lamp-black is kept. (Reichenbach, Seine ^ 61, 188.) 
Acids give, in the alkaline extract of soot, a precipitate which, after 
being dried at 140°, boiled with alcohol, and again dried at 140°, still 
contains naphthalin, which must therefore exist chemically combined 
with ammonia and humic acid. (Mulder, J. pr. Chem. 21, 331.) 
Glance-soot (a compact carbonaceous deposit which collects in flues 
where wood is burned) is only slightly soluble in alcohol, but dissolves 
easily in soda-ley, giving a solution which becomes gelatinous. 
(Mac Cullock, Edinb. J. of Sc. 1, 321.) 

B. With free access of air, wood burns with a luminous flame, the 
gases and vapours generated by the heat of the combustion itself 
being immediately and completely burnt without smoke when the air 
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is renewed with sufficient rapidity, but with production of smoke when 
the air is not quickly enough renewed. The smoke condenses in the 
chimneys of the fire-places to glance-soot, which contains the ingre- 
dients mentioned in the case of lamp-black but in larger proportions. 
Concerning Hunefeld’s acid of carlon-vapour (Kohlendunstsliure) See J. pr. Ckem. 
7, 29. 

4. Deal sawdust did not change colour when kept several 
years in water free from air. (Saussure. Ann. Pharm. 42, 276) — 
5. Chlorine attacks principally the incrusting substance: the cellulose of 
wood it attacks but slightly or not at all. (Payen ; comp. Cellulose p. 134.) 

— 6. Wood is blackened by contact with oil of vitriol (pp. 136 — 138) — 

7. By concentrated nitric acid , it is converted without change of form 
into substances resembling* pyroxylin (p. 135) which explode by heat ; 
it is coloured yellow or brown according to the quantity of foreign 
substances mixed with it. Nitric acid extracts colouring matter from 
ebony-wood without injuring its tissue. (Dutrochet). Oak, fir- and 
pine-wood became gelatinous by lying four days in fuming nitric acid; 
when afterwards washed with aqueous ammonia, they became yellow, 
and again colourless when washed with water ; under the microscope 
they exhibited a cellular structure, and, after being boiled out with al- 
cohol, they had the composition of cellulose (43*72 to 44*20 p. c. 0., 
5*92 to 5*99 p. c. H., 49*84 to 50*36 0.). No xyloidin is thus formed. 
(Mulder.) — Deal sawdust, dried at 100°, yields oxalic and pectic 
acids when boiled with 2 pts. water and 5 pts. nitric acid. (Saco, N. 
Ann. Chim. Phys. 25, 218; J. pr. Ghent . 46, 360). Concerning Sacc’s pectic 
acid see below. 

8. When treated with aqueous alkalis , wood becomes less rich in 
carbon, because incrusting matter is removed and cellulose remains in 
a state of greater or less purity. (Payen.) (Comp. Cellulose p. i44,Fr4my,) 

— Sawdust gives oxalic acid and hydrogen by the action of fused 
potash, in the same way as cellulose. (Gay-Lussac, N. Ann. Chim. 
Phys. 41, 398; Por/g. 17, 171.) — When evaporated to dryness with 
equal quantities of potash and water, almost the whole quantity of 
wood is dissolved and converted into ulmin at the instant of frothing 
up (Br&connot) ; the whole quantity of wood remains almost always 
unaltered. (Schleiden, Ann. Pharm. 42, 302.) 

9. In the manufacture of while lead by the Dutch process (v. 124), 
the hoards which are exposed to the action of the air, carbonic acid, 
aqueous vapour, acetic acid, and ammonia at an elevated temperature, 
become, after being used 8 or 10 times, each time for 30 to 40 days, 
brown or black, light, crumbly, burn almost without flame, and con- 
tain a large quantity of ammonia and other salts, together with mould. 
(Payen, N. Ann . Chim. Phys . 16, 231.) — 10. Wood exposed to the 
action of water, particularly of sea-w r ater, in contact with iron and air, 
becomes at first black, from the formation of a compound of ferroso- 
ferric oxide, and soon afterwards, the ferric oxide acting as a carrier 
of oxygen, crumbly and pulverisable ; hence iron nails cannot be used 
in shipbuilding. (Kuhlmann.) 

Interpolation. 

1. Cedriret. Obtained from beech-wood tar-oil. The oil is freed 
from acetic acid by neutralisation with carbonate of potash, mixed 
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with concentrated potash-ley, the oil which swims on the top of the 
ley removed, and the ley neutralised with acetic acid. Part of the 
dissolved oil is thus separated out, while another part remains in 
combination with the acetate of potash, from which it may be obtained 
by distillation. As soon as a drop of the distillate gives a red preci- 
pitate with aqueous ferric sulphate, the remainder is collected apart. 
When treated with ferric sulphate or with bichromate of potash and 
tartaric acid, this portion becomes red, and, on standing, deposits red 
needles of cedriret. — Thin red needles, which decompose when heated , 
without melting. Inflammable , burning away without residue. Dis- 
solves in oil of vitriol with indigo-blue colour, which becomes yellow- 
brown by heat or dilution. — Decomposed by concentrated, not by 
dilute nitric acid. — Slightly soluble in boiling* acetic acid, not precipit- 
able by ammonia. Soluble with purple colour in creosote , precipitated 
crystalline by alcohol ; not soluble in other solvents. (Reichenbach, 
Berzd . Jahresb . 15, 408.) Volckel {Ann. Pharm. 86, 102) did not 
succeed in obtaining Reiehenbach’s cedriret. 

2. Creosote. Appendix to vol. xi, page 139 . — Hlasiwctz & Barth 
obtained, by fractional distillation in a stream of hydrogen, a creosote 
which distilled between 205° and 210°, and contained 74*57 p. c. C., 
8*09 p. c. H., and 17*34 p. c. 0. It consists, according to them, of a 
compound called creosol , C 16 H 10 0 4 , since it gives, when treated with 
potassium in a stream of hydrogen, compounds containing C 15 KH 9 0 4 
and C 32 KH 19 0 8 (and bodies of similar composition when treated with 
ammonia, hydrate of baryta, bromine, and other bodies) and at the 
same time a second substance, not yet isolated. When treated with 
potassium, it yields by evaporation a small quantity of a colourless oil 
which is more fluid than creosote, no longer becomes solid with potash- 
hydrate, distils for the most part between 193° and 195°, and contains 
on an average 75*4 p. c. C., and 8*8 p. c. H., but which still indicates 
the presence of creosote when tested with alcoholic ferric chloride. 
The products obtained from creosote by distillation with lime, or by 
long boiling with potash, are probably, according to them, mixtures 
resulting from the decomposition of the creosote and of the second con- 
stituent. (Hlasiwetz, Ann. Pharm. 106, 339 : for details see the original paper.) 

8. Cajmomor. — When heavy beech- wood tar-oil is agitated, as for 
the preparation ‘of creosote, with, potash-ley of sp. gr. 1*20, capnomor 
dissolves together with the creosote. The insoluble oil floating on the 
surf ace is removed; the alkaline solution is boiled for some time, cooled, 
and supersaturated with sulphuric acid; and the dark-brown oil which 
separates is distilled after the addition of a little caustic potash ; the 
distillate is shaken up with potash-ley of sp. gr. 1*16; the undissolved 
portion removed ; and the alkaline solution boiled, cooled, treated with 
sulphuric acid ; and the mixture of creosote and capnomor, which sepa- 
rates, is distilled as before. The same treatment is repeated three 
times more with the product, but each time more dilute potash-ley is 
used, viz. ; first of sp. gr. 1*12, then of sp.gr. 1*08, and lastly of 
sp. gr. 1*05. The undissolved oils all contain capnomor, but the portion 
which remained undissolved when treated with the dilutest potash-ley 
contains the most. This is accordingly mixed with an equal quantity 
of oil of vitriol (whereby it is heated and coloured red), and, when 
cold, diluted with water ; it is freed from the oil which swims on the 
surface, and then neutralised with ammonia. The oil which thus 
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separates is also removed, and the clear liquid ^ distilled ; capnomor 
then passes over towards the end of the distillation, and is again dis- 
solved in snlphuric acid, the solution diluted with water, neutralised 
with ammonia, and redistilled, The product thus obtained is washed 
with potash-ley and rectified, the portion which passes over below 185° 
and whose specific gTavity does not exceed 0*98, being collected. — 
Colourless oil, refracts light strongly, has an agreeable aromatic smell ; 
sp. gr. 0*9775, at 20° ; boiling point, 185°. Neutral Burns with a 
smokeless flame ; permanent in the air ; not affected by boiling with 
red lead , oxide of copper , or mercuric oxide, but reduces permanganic acid , 
acetate of silver, and terchloride of gold, the last to the metallic state, — 
Decomposed by bromine and chlorine; coloured green and then brown 
by nitric acid of sp. gr. 1*45 ; decomposed, when heated with strong 
nitric acid, with formation of oxalic and picric acids and peculiar 
crystals. — Coloured purple-red by oil of vitriol of sp. gr. 1*85; black, 
by hot oil of vitriol. Water or aqueous alkalis do not separate any cap- 
nomor from the purple-red solution ; but, the acid solution partially 
saturated with potash, deposits a combination of capnomor with acid 
sulphate of potash, which dissolves again on heating, and crystallises 
by cooling in cauliflower-like shapes, and does not yield any capnomor 
to alcohol — Capnomor is but little changed by potassium or sodium . It 
dissolves several salts, several alkaloids, and many other vegetable 
substances ; it causes caoutchouc to swell up, and dissolves it with 
the aid of heat. — It dissolves in 300 pts. of boiling glacial acetic acid, 
and in all proportions in alcohol , ether , acetic ether , acetone , fusel oil , oil of 
turpentine , and creosote . (Reichenbach, J. pr. Chem. 1, 1 ; BerzeL 
Jahresb . 15, 402.) According to Yolckel, Reichenbach’s capnomor does 
not exist ready formed in tar-oil, but is produced during the treatment 
with sulphuric acid. Yolckel, obtains his capnomor [which, however, 
Gorup-Besanez (xi, 142, 145, 149) and Hlasiwetz (p. 161) regard as a 
product of the decomposition of creosote] by dissolving commercial 
creosote in excess of strong potash-ley, separating the undissolved 
oil, and boiling the alkaline solution for a long time after dilution with 
water (see xi, 149). The capnomor, which passes over with the 
watery vapour, is freed from creosote by agitation with strong potash- 
ley, then distilled with water, washed with dilute sulphuric acid, and 
after removal of the water, distilled by itself over chloride of calcium. 
Thus obtained, it begins to boil at 180°, the greater part distilling 
between 200° and 208° ; but, owing to a slight alteration caused by 
distillation, it leaves a small, viscid, dark-coloured residue. The portions 
distilling between 200° and 208° have sp. gr. 0*995 at 15*5°, and a 
constant composition (on an average 81*22 p. c. 0., 7*82 p. c. EL, and 
10*96 p. c. O.) corresponding to the formula C 20 H u Ol The same 
capnomor seems to he formed by the distillation of creosote with lime 
(xi, 149). (Yolckel, Ann, Pharm. 86, 99.) 

4. Picamar. — Obtained from that portion of the heavy tar-oil which 
on fractional distillation passes over with sp. gr. between 0*9 and 1*15. 
(. Berzelius , Jahresb. 13, 354. Subsequently Reichenbach employs only 
tar-oil of sp. gr. 1*08 — 1*16.) The tar-oil is mixed with 8 jots, potash- 
ley of sp. gr. 1*16, allowed to stand for a few days in the cold, whereby 
picamar-potash gradually crystallises out (often occupying more than 
one-half the bulk of the liquid) ; the crystals are separated, purified by 
repeated crystallisation from boiling potash-ley, until the ley runs off 
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colourless, and decomposed by dilute phosphoric (or hydrochloric) acid ; 
and the separated oil is rectified two or three times over dilute phosphoric 
acid, and lastly alone in vacuo. — Nearly colourless, transparent, thick 
oil ; refracts light strongly ; unctuous to the touch. Does not solidify 
at 20° ; boiling point 285° with 715 mm. pressure ; sp. gr. 1-10 at 20°. 
It has a faint and not unpleasant smell ; its taste is unbearably bitter 
and burning, but the after-taste cooling like peppermint. Neutral. 
Becomes brown by boiling in the air ; not inflammable by itself, but burns 
in a wick, or when heated, with a bright, smoky flame. Chlorine con- 
verts it into mould, and an oil insoluble in potash-ley ; w r ith bromine it 
gets hot and is coloured red-brown. Nitric acid changes it into a red- 
brown, greasy mass, without forming oxalic acid ; oil of vitriol does 
not attack it below 150°. — Slightly soluble in water. With caustic 
potash (and likewise with ammonia , soda, baryta , and lime) it gives a 
crystallisable compound, which is decomposed by water or alcohol, but 
not by carbonic acid. Dissolves in oil of vitriol without decomposition 
below 150° ; easily soluble in acetic acid ; soluble in all proportions in 
wood-spirit , alcohol , ether, acetic ether, creosote , and sulphide of carbon. It 
dissolves sugar of lead , cupric acetate , camphor , oil of turpentine, resin , 
picric, and benzoic acids. (Reichenbach, Berzel. Jahresb. 13, 354 ; Seine . 
67, 274 ; 68, 295, and 351.) Volckel {Ann. Pharm. 86, 103), could not 
succeed iu obtaining Reichenbacli’s picamar. 

5. Pittacal is produced by addition of baryta- water to impure 
alcoholic picamar, or to heavy tar-oil, the acids of winch are not quite 
neutralized by caustic potash. It gives to the liquid a beautiful indigo- 
blue colour, which changes after some time into red or black. No 
method for preparing it in the pure state is given. Thrown down 
from its solutions as a flocculent precipitate, or obtained by evaporation, 
pittacal forms a dark-blue, brittle, staining mass, having the appearance 
of indigo, and a coppery or golden metallic lustre. It has no taste or 
smell, and is fixed and neutral. Unalterable by light and air. Becomes 
brown like mould at a high temperature and chars, giving off an ammo- 
niacal smell. Nitric acid decomposes it. — It is not properly speaking 
soluble in water, but is so finely divided when shaken up with water 
that the mixture passes clear through a filter. It dissolves with crimson 
colour in diluted sulphuric or hydrochloric acid , and abundantly with 
aurora-red colour in acetic add; alkalis restore the original blue colour: 
the smallest trace of ammonia suffices to do so in the acetic acid-solu- 
tion. It is quite insoluble in free aqueous alJealis, and is precipi- 
tated by them from its aqueous or acid solution in blue flakes, which 
appear, under the microscope, to be made up of fine needles. It forms 
a black-blue combination with lime , and beautiful dark-blue precipi- 
tates, which are unaffected by caustic ammonia in excess, with (even 
slightly acid) solutions of sugar of lead , salt of tin, sulphate of cupr am- 
monium, acetate of alumina, &c. By means of salt of tin and acetate of 
alumina, it can be made to dye cotton, wool, and linen. It is insoluble 
in alcohol, ether , and eiipion. (Reichenbach, Sclav. 68, I.) Volckel 
{Ami. Pharm . 86, 103) did not succeed in obtaining ReichenbacITs 
pittacal. 

6. Brunolic add. — Produced, at the same time as rosolic acid 
(xi, 153), by treatment of coal-tar with alkalis. Preparation xi. 153, 
154. A vitreous, shining, easily pulverisable mass resembling 

ivr 2 
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asplialt. Most of its compounds are brown and insoluble. It dis- 
solves in alcohol. (Runge, Pogg . 31, 71.) 


Second Appendix to Cellulose . 

1. Ligno-sulphiiric Acid. 


Beacoxnot. Ann. Chim. Phjs. 12, 185; Seine. 27, 340; Gill. 63, 3 GO. 
Bloxdeatt de Carolles. Rev. scient. 14, 476 ; J. pr. Chem. 32, 459. 
Maechaxd. J. pr. Chem . 35, 200. 


Bolz&chwefelmure, PJlanzenschwefelsaure ; Acide vegeto-sulfunque ou sulfo- 
lignique. 

The copulated acid formed by the action of oil of vitrol on cellulose is identical, 
according to Gerhardfc (Traiie, 2, 548), with sulpliamidonic acid. If, however, as 
Bechamp’s investigations render probable, cellulose-dextrin is different from starch- 
dextrin, it will follow that there must be a difference between the two acids, even 
though existing experiments do not suffice to prove it. (Kr.) 

Formation. By the action of oil of vitriol on hemp, linen, cotton, 
or paper ; the gum (Bechamp’s cellulose-dextrin) which is first formed, 
uniting with the sulphuric acid. (Braconnot.) 

Preparation. The solution obtained by triturating cotton-wool 
with oil of vitriol is mixed, as soon as it is clear, with a large quantity 
of water, and the solution is neutralised with carbonate of lead or car- 
bonate of baryta; from the resulting solution of ligno- sulphate of lead 
or of baryta hydrosulphuric or carbonic acid separates ligno-sul- 
phuric acid ; the solution is evaporated to dryness, the residue dis- 
solved in water and precipitated with ether-alcohol. (Blondeau.) — 
Marchand allows oil of vitriol to stand for four weeks upon Swedish 
paper, neutralises the diluted solution with lime, and separates the 
acid from the lime-salt. 

Properties. Uncrystallisable, strongly acid syrup. 

Becomes brown at a gentle heat , and blackens below 100°, yielding 
sulphuric acid and charcoal; it blackens more quickly above 100°, and 
evolves sulphurous acid. (Braconnot.) — The aqueous acid splits up 
into sulphuric acid and dextrin when heated. (Blondeau.) 

Combinations. Deliquesces in the air and dissolves easily in water. 

With Bases . — Ligno -sulphates. — The aqueous acid dissolves 
metallic oxides and carbonates and forms amorphous deliquescent 
salts. (Braconnot.) These salts evolve sulphurous acid when heated 
and leave a residue of sulphate and charcoal. (Braconnot.) — The 
baryta-salt and lead-salt are decomposed by carbonic acid. (Blondeau.) 

Ligno-sulphate of Baryta. — The aqueous solution of this salt ob- 
tained in the preparation of Iigno-sulphuric acid is evaporated in vacuo. 
(Blondeau.) 
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Calculation according to Blondeau de Carolles. 

Blond, de Carolles. 


18 C 

108 

.. 24*79 ... 

24*46 

19 H 

19 

.. 4*36 ... 

4*25 

190 

152 

.. 34*92 ... 

36*19 

2 SO 3 

80 

.. 18*37 ... 

18*C0 

BaO 

76*5 

.. 17*56 ... 

17*30 

C ls H ls 0 13 ,2S0 3 ,Ba0,H0 

435*5 

... 100*00 .... 

100-00 


Ligno-sulphate of Lime.— cl By saturating the aqueous acid, obtained 
as above described, with chalk and evaporating the filtrate, a colourless 
gum is obtained, which is easily decomposed by heat, is deliquescent 
and readily soluble in water. — b. The solution obtained by the action 
of oil of vitriol on cellulose for 12 hours is diluted and saturated 
with chalk ; the solution evaporated in vacuo, gives a pale yellow mass, 
which is decomposed by heat in the same way as the lead-salt. — c. 
Oil of vitriol is allowed to act on cellulose for 24 hours, and the pro- 
duct treated as in b. (Blondeau.) 



Blondeau de Carolles. 

Marchand. 


/ 

A 




a. 

b. 

c. 

d. 

C 

27*43 .. 

. 21*62 .... 

13*68 

.... 46*42 

H 

5*16 . 

. 4*42 ... 

2 82 

.... 6*68 

0 

40*82 . 

. 34*49 ... 

, 24*52 

.... 15*34 

SO 3 

19*70 .. 

. 28-90 .... 

43*62 

} 

CaO 

6*89 .. 

. 10*57 .... 

. 15*36 

j 31*56 


100*00 .... 100*00 .... 100*00 .... ioo-oo 


d. Prepared from paper. — Blondeau de Carolles gives tbe following formulae : for 
«, C ls H 18 0 ls ,2S0 3 Ca,0,2H0 ; for 5, C 10 H 10 O 10 ,2SO 3 ,CaO,2HO 5 for e, C 4 H<0 4 ,2S0 3 , 
CaO,2HO. According to Marchand, 2CaO,S0 3 . 

Ligno-sulphate of Lead .— Obtained by evaporating* in vacuo the solu- 
tion obtained in the preparation of ligno-sulphuric acid. — Featheiy 
crystals* or, when thoroughly dried in vacuo , a white pulverulent mass. 
— Softens at 100°, becomes darker coloured and then golden yellow. 
At a little above 100° it evqives carbonic oxide and sulphace tic acid, the 
strongly smelling vapour of which excites tears. When long boiled 
with water , it yields a precipitate of sulphate of lead while grape-sugar 
(whose composition corresponds to the formula C 18 H J8 0 18 ) and sul- 
phuric acid remains in solution. — Deliquesces in the air to a thick 
syrup, and dissolves readily in water. — Chlorine , in aqueous ligno- 
sulphate of lead, produces hydrochloric acid, oxide of lead, and a 
peculiar gum, but no sulphate of lead. — Insoluble in alcohol and ether. 
(Blondeau de Carolles.) 

Calculation according to Blondeau de Carolles. 


Blondeau de Carolles. 

18 C 108 .... 22*51 .... 21*07 

20 H 20 .... 4*17 .... 4*21 

20 0 160 .... 32*67 .... 32*98 

2 SO 3 80 .... 16*88 .... 18-63 

PbO 111*7 .... 23*77 .... 23*11 


C 18 H 18 0 18 ,2S0 3 ,PbO } 2HO 


... 479*7 .... 100*00 .... 100*00 
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2. Ternitrocellulose. 

C 24 N s H l7 0“ = C 2 ‘X 3 H 17 0“. 


Bechamp. N. Ann. Chim. Phys. 46, 342 ; abstr. Compt. rend. 41, 817 ; 

J. pr. Chem . 68, 51. 

Cellulose trinitrique. (B^cliamp.) 

Formation . 1. By the action of alcoholic potash on pyroxylin dis- 
solved in ether-alcohol, whereby two-thirds of the nitrogen separate as 
nitrate of potash. (Bechamp. — Comp. p. 178) — 2. In the preparation of 
gun-cotton with nitric acid of sp. gr. 1*41 — 1*45, the chief product is 
ternitrocellulose; quintonitrocellnlose is also formed when fuming 
nitric is used. (Gladstone, Mem . Chem, Soc. 3, 412.) 

Properties. When freshly precipitated, resembles gelatinous silica ; 
shrinks to an amorphous yellowish gum by drying at the common 
temperature or at 100°. Hard and pulverisable. (Bechamp.) 


Gladstone. Bechamp. 

mean , at 100°. 

24 C ....I.. 144 .... 31*37 .... 30*85 .... 31*01 

3 N 42 .... 915 .... — .... 9*60 

17 H 17 .... 3*72 .... 3*76 .... 4*27 

32 0 256 .... 55*76 .... — .... 55*12 


C 24 X 3 E ir O 20 459 .... 100*00 .... ....100*00 


According to Bechamp, it contains nitric acid as a proximate constituent. See p. 174 

Decomptositions. 1 . Ternitrocellulose (prepared by process 2) kept 
for some years exposed to light, evolved nitric acid vapours aud was 
changed into gum. (Gladstone.) — 2. Not altered at 160°, but 
explodes at 168°, leaving a large residue of charcoal. (Bechamp.) — 
3. Niti'o-sulpJwric acid converts the product of process 2 into gun- 
cotton. (Gladstone.) — 4, Dissolved by boiling hydrochloric add with 
evolution of chlorine. (Bechamp.) — 5. Sulphuretted hydrogen decom- 
poses the alcoholic solution, precipitating sulphur and afterwards 
flakes containing sulphur, which dissolve in water, arc precipitated 
therefrom by alcohol, and do not explode by heat. — 6. Aqueous 
ferrous chloride converts it into amorphous cellulose. (Bechamp.) 

Combinations. Insoluble in water ; dissolves readily in fuming nitric 
acid. (Bechamp.) As obtained by process 2, it is soluble hi nitric 
acid of sp. gr. 1*25 — 1*5, and in oil of vitriol. (Gladstone.) Dissolves 
easily in fuming hydrochloric acid , and is precipitated therefrom by 
water ; also in dilute potash-ley , whence it is precipitated by acids ; and 
in 'boiling, but not in cold, glacial acetic acid. (Bechamp.) 

Ammoniacal sugar of lead throws down a white precipitate from an 
alcoholic solution to which enough water has been added to produce 
incipient turbidity. (Bechamp.) 

Forms with alcohol a very fluid, easily filtered solution, from which 
water throws down a finely divided precipitate which balls together 
on drying or on addition of ether. (Bechamp.) 
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Soluble in ether. (Bechamp.) Fibrous ternitrocellulose dissolves 
with difficulty in alcohol , ether, ether-alcohol , and acetic ether ; powdery 
ternitrocellulose dissolves easily in these liquids, also in glacial acetic 
acid . (Gladstone.) 


3. Quadrinitrocellulose- 


C M N 4 H ,7 0 S7 = C 24 X 4 H 17 O a . ? 


Bechamp. N. Ann. Chim. Phys. 37, 207; J. pr. Qhm. 68, 15. — N. 

Ann. Chim. Phys. 46, 347. 

Cellulose tetranitrique. 

, Formation and Preparation . The thick solution of pyroxylin in 
40 pts. ether and 15 pts. alcohol of 86 p. c. becomes quite fluid when 
ammonia gas is passed into it for half an hour, and, when then poured 
into a large quantity of water, yields quadrinitrocellulose in the form 
of a white powder. 

Properties. A light, white powder, without taste or smell; be- 
comes electric by friction. When dried over oil of vitriol at 20°, it 
retains 1*73 p. c. water, which goes off slowly at 100° (1 at. 
HO = 1*72 p. c.) 

Bechamp. 

tfiflOO 0 . mean. 


24 C 144 .... 28-07 .... 28-22 

4N 56 .... 10-92 .... 10*78 

17 H 17 .... 3*31 .... 3*57 

37 O 296 .... 57*70 .... 57*43 


C 24 X 4 H 17 0 21 513 .... 100-00 .... 100-00 


Bechamp gives the rational formula C 24 H 17 0 17 ,4N0 5 (see p. 174); the formula 
C 24 X 4 H 16 0 20 , which contains 1 at. HO less, is also admissible according to his analyses. 

Decompositions. Evolves red vapours when heated in a tube to 
145°— -150°; explodes at 158°, leaving a residue of charcoal. — 
Evolves chlorine hi abundance when heated with fuming hydrochloric 
acid. — Remains apparently unchanged by nitro-sidphuric acid ; dissolves 
in fuming nitric acid , and is precipitated therefrom (perhaps as quin- 
quenitrocellulose) by water. — Slowly converted by sulphuretted hy- 
drogen in an ether-alcoholic solution, into the same products as ternitro- 
cellulose. — Converted by ferrous chloride into amorphous cellulose. — 
Insoluble in dilute potash-ley; dissolves with decomposition in strong 
ley ; acids precipitate ternitrocellulose from the solution. 

Insoluble in water ; dissolves slowly, without evolution of gas, in 
oil of vitriol „ Insoluble in glacial acetic add either cold or warm* Does 
not dissolve in either alcohol or ether, but dissolves very easily in ether - 
alcohol; water throws down from the solution flocks which do not ball 
together. 
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4. Pyroxylin. 

Otto (1846). Avgsl. Ally. Zdiung, vom 5 Ocibr. 1856; J. pr. Chan. 

40, 193 ; abstr. Compt rend. 23, 807. 

Sciionbein & Bottgee. Allg. Zeitung . 1847, Nro. 3, Beilage, 21 ; Pogg. 

70, 320 ; Compt. rend. 28, 678. 

Dumas. Compt. rend. 23, 806 and 983. 

Schonbein. Bill, univers. [4] 3, 18; Ann. des Scienc. gihys. .natur. 4, 20 
and 28. 

Pelotjze. Compt. rend. 23, 809, 838, 861, 892 and 1020. — Compt . rend. 

24, 2 ; J. pr. Cliem . 40, 414. 

Bjstop. Compt. rend. 23, 808. 

Ateros. Compt. rend. 23, 874; J. pr. Cliem. 40, 197. 

Fordos & Gelis. Compt. rend. 23, 982. 

Gaudin. Compt . rend. 23, 980 and 1099 ; abstr. J. pr, Cliem. 40, 418. 
Paten. Compt * rend. 23, 999 and 1096. — Compt. rend. 24, 81. 
Cottereatl. Compt. rend. 23, 1157; abstr. J. pr. Chem. 40, 418. 
Menard & Flores Domonte. Becueil des trav . de la Soc. Pham. 1847, 
104; abstr. N. J. Pharm. 12, 159. — Compt rend. 23, 1087. 
— Compt . rend. 24, 87 ; abstr. J. pr. Chem . 40, 421. — Compt. rend . 
24, 390. 

van Kerckhoff. Compt. rend. 23, 1140 ; J. pr. Chem. 40, 284. 
van Kerckhoff & Beuter. J. pr. Chem. 40, 262. 

Schmidt &; Hecker. J. pr. Chem. 257. 

Peligot. Compt. rend, 23, 1085. 

Be Yrij. Comp>t. rend, 24, 19 ; abstr. J. pr. Chem. 40, 420. 

Sobrero. Comp)t. rend. 24, 247 ; abstr. J. pr. Chem. 40, 421. 

Ransome. Phil, Mag. J. 30, 1. 

Porbett & Teschemacher. Phil Mag . J. 30, 273 ; Mem. Chem . Soc. 
3, 258. 

Porbett. Phil Mag. J, 30, 409 ; Mem, Chem, Soc. 3, 287 ; J. pr. 
Chem. 41, 208. 

Walter Crum. Phil. Mag. J. 30, 426 ; J. pr. Chem. 41, 201 ; Ann . 
Pharm. 62, 233. 

Gladstone. Mem. Chem. Soe. 3, 412 ; Pharm . J. Trans . 11, 401. 
Jean. Compt. rend. 24, 1053. 

Soubeiran. A T . J. Pharm. 14, 263. 

Bechamp. N. Ann. Chim. Phys. 37, 207; abstr. Compt rend. 35, 473; 
Inst. 1852, 318; A 7 . J. Pharm. 22, 440; J. pr. Chem. 58, 15; 
Phann . Ccntr. 1852, 823. — Compt. rend, 37, 134; Inst. 1853, 261; 
J. pr. Chem . 60, 187; Pharm . Centr. 1853, 703. — N. Ann. Chim. 
Phys. 46, 338 ; abstr. Compt. rend. 41, 817 ; J. pr. Chem. 68, 51. 
Mann, Chem. 59, 241. 

Hadow. Chem, Soc. Qu. J . 7, 201 ; Chem . Centr . 1855, 202 ; J, pr. 
Chem. 64, 169. 


Gun-cotton. — ScMessbaumwolle , Explodirende Baumwolle . — Pyroxyle (Pelouze), 
Fulmin (Marx), Coton azotique (Gaudin), hypoazotique (Payen), Coton fulminant, 
Tissui diolectrique cxplosif (Meynier), Cellulose mtree or pentanitrique (Bechamp), 
Poudre-coton, Coton-poudre, Pulmicoton. 

The explosive substances prepared by Pelouze in 1838 ( Compt rend. 7, 713 ; 
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J. pr, Chem . 16, 368), by treating cotton-wool, paper, and hemp with nitric acid, were 
regarded as identical with xyloi'din, until Schonbein in 1846 announced the discovery of 
explosive cotton-wool applicable as a substitute for gunpowder. The method of pre- 
paring it, which he kept secret, or at any rate a method which equally yielded pyroxylin, 
was immediately afterwards discovered by Bottger and by Otto, and published 
by the latter. Knop afterwards advantageously substituted nitro-sulphuric acid for 
the conceptrated nitric acid employed by Otto in the preparation of pyroxylin. 


Pyroxylin prepared according to the methods given below seldom 
consists of a single substance, but is, for the most part, a mixture of 
several compounds, apparently of ter-, quadri-, and quintonitrocellu- 
lose, the latter of which chiefly prevails, and is perhaps under certain 
conditions obtained by itself. • (Tor details see below.) 

Formation . 1. By treating cotton- wool with fuming nitric acid. 
(Otto.) Ter- and qninto-nitrocellulose are thus formed. (Gladstone.) — 2. By 
treatment with nitro-sulphuric acid. (Knop.) — 3. By treatment with 
a freshly prepared mixture of saltpetre and oil of vitriol. (Millon & 
Gaudin). Pyroxylin prepared according to 2 and 3 consists essen- 
tially of quinto-nitrocellulose. (Gladstone, Bechamp.) — Paper (Pe- 
louze), wood, and sawdust are similarly converted into explosive 
compounds by treatment with the above mixtures. (Bley, Compt . 
rend. 23, 809 ; comp, also Bonjean, Compt. rend. 24, 190) ; also the epider- 
mis of the cactus. (Payen.) 

In the transformation of cotton into pyroxylin, water is the only 
other product formed. (Pelouze and others.) 

An explosive substance whose identity with pyroxylin seems 
doubtful (see p. 86 and p. 106) is likewise formed by dissolving’ starch 
in nitrosulphuric acid (De Vrij, Compt . rend. 24, 19), or by dissolving 
xyloidin in nitric acid and precipitating with sulphuric acid. (Cottereau, 
Compt. rend. 24, 205.) 

Pj'eparation. Purified cotton-wool is immersed in an appropriate 
mixture of saltpetre and oil of vitriol, or of nitric acid and oil of vitriol, 
allowed to remain in it a shorter or a longer time according to the 
degree of concentration and the temperature of the mixture, then 
washed, first with rain-water, afterwards with distilled water, till the 
adhering acid is completely removed, and finally dried. For the pre- 
paration of collodion, or pyroxylin soluble in ether-alcohol, the acid 
mixtures employed are different from those used for the preparation of 
explosive pyroxylin, as will he seen from what follows. 

a. To obtain explosive pyroxylin. Purified cotton- wool is immersed in 
a mixture, previously cooled to 10° or 15°, of 1 measure nitric acid of 
sp. gr. 1’45 — 1*50 with 3 measures oil of vitriol of sp. gr. 1*85, and 
the imbibition of the acid is rendered as uniform as possible by stir- 
ring and dividing the wool. The greater part of the acid is removed 
from the cotton-wool by pressing it with a pestle ; it is then allowed 
io stand for an hour ; washed in a stream of water till all acid reaction 
has disappeared, and finally with a very dilute solution of potash, and 
dried at 65°. (Schonbein, Dingl. 104, 450; Lieb. Kopp , Jahresber. 
1847-1848, 1142.) 

b. To obtain pyroxylin soluble in ether-alcohol (collodion-wool). 1 Ounce of 
cotton- wool is plunged into a mixture (which should be prepared 
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immediately before use) of 16 oz. saltpetre, 12 oz. common oil of vitriol, 
and 12 oz. Nordliausen sulphuric acid ; it is stirred without interruption 
for 5 minutes ; the whole contents of the vessel are then poured into~a 
large quantity of hot water ; and the cotton is collected, and washed in 
a tin colander till all adhering acid is thoroughly removed. (JV. Br . 
Arch, 104, 274.) If the operation is performed with the foregoing 
quantities, and the saltpetre thrown cold into the acid, the mixture 
possesses, immediately after being made, a temperature of 68° — -71 °, 
which is the temperature which answers best for the preparation of 
collodion-wool. 

1. Preliminary treatment of the cotton-wool. The cotton is boiled for 
some horns with weak soda-ley, and then well washed with water, 
next with very dilute hydrochloric acid, and lastly again with water, 
(van Kerchoff & Eeuter.) Carded cotton is treated successively, at 
the boiling heat, with weak soda-ley, solution of chloride of lime, dilute 
nitric acid, and water. (Walter Crum.) — Schmidt <k Hecker chop up 
the cotton-wool till it becomes like cloth-shearers 3 * * * 7 dust. Berard l(Polyt. 
Gentr . 1858, 892) employs cotton-shearings (Scherflocken der Baumioolle) 
of which the same quantity of acid can moisten a larger quantity than 
of carded cotton. 

2. Processes with nitric acid alone. Cleaned cotton- wool dipped for 
half a minute into fuming nitric acid, then immediately into frequently 
renewed water, so as perfectly to remove all adhering acid, and dried, 
is changed into an explosive substance, which explodes under the 
hammer like fulminating’ mercury, and bums away like gunpowder 
when touched with a spark. (Otto, J. pr. Chem . 40, 193.) — 100 pts. 
cotton- wool left in contact with nitric acid, whether for a few minutes 
or for several days, yield 168 — 170 pts. pyroxylin. (Pelouze, Compt. 
rend. 23, 892 ; J. pr. Chem. 40, 200.) 

By dissolving cotton-wool in nitric acid of sp. gr. 1*45 and precipi- 
tating the solution with water, ternitrocellulose is obtained. (Glad- 
stone, Chem. Soc . Mem, 3, 412.) 

3. Processes with mtro-sidphiric acid. 1 pt. (or more : Knop) fuming 
nitric acid is mixed with 1 pt. oil of vitriol and allowed to stand (at 
least 3 minutes : van Kerckhojf § Renter) a few minutes or longer (Knop). 

For 1 measure oil of vitriol, Pelouze takes 1 measure fuming nitric 

acid ; Walter Crum takes 3 measures ; Ransom e, 2 measures ; Mey- 
nier {Compt. rend. 26, 44) f measure. Gaudin immerses the cotton- 
wool for a few seconds ; Meynier and Walter Crum for an hour. — De 
Vrij mixes the cotton-wool rapidly with nitric acid, warms the mixture 
to 30° or 35°, and precipitates the solution (which is at first thick and 
turbid, but afterwards becomes clear) with oil of vitriol. 

Edwards (J. CMm. mkl. 25, 54) prepares collodion-wool with equal 
measures of oil of vitriol and of nitric acid of sp. gr. 1*52, allowing the 
mixture to act for 1 minute ; ITadow uses 104 pts. oil of vitriol of sp. 
gr. 1*833 and 89 pts. nitric acid of sp. gr. 1*424, and operates at 55°. 

If the acids are either too concentrated or too dilute, they do not give 
soluble collodion-wool ; the following are, however, good proportions : 
— 13 pts. sulphuric acid of sp. gr. 1*632, 12 pts. nitric acid of sp. gr. 
1*512-1*518, and 1 pt. cotton-wool ; or, 45 pts. sulphuric acid of 
sp. gr. 1*75, 12 pts. nitric acid of sp. gr. 1*512-1*518, and 1 pt. cotton- 
wool. The mixture is cooled to 5°, the cotton-wool stirred in, and the 
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whole allowed to stand for 24 hours in a covered vessel at 5°-8°. 
At 40°-50°, one hour suffices for the action, the collodion-wool 
obtained is not however always equally good. Collodion-wool which 
has been rendered insoluble by using too strong sulphuric acid may be 
made soluble by treatment with the proper mixture of acids; and, 
inversely, soluble collodion-wool can be rendered insoluble by very 
concentrated acids. (Mann.) 

Hadow added to a mixture of 1 at. nitric acid (NO 5 , HO), with 2 at. 
sulphuric acid (SO 3 , HO), quantities of water increasing from 1 to 5 
atoms, and obtained with the resulting liquids pyroxylin of variable 
properties. 100 pts. cotton-wool, dried at 100°, were converted, by 
several hours’ action of the mixture N0 5 ,H0-f- 2(S0 3 , HO) + HO, into 
177 pts. pyroxylin (weighed after drying in vacuo over oil of vitriol), 
which was insoluble in ether-alcohol. 100 pts. cotton-wool acted on 
by the mixtm‘eN0 5 ,HO-l-2(S0 3 ,HO)4-2HO became 176 pts. pyroxylin, 
and with the mixture N0 5 ,H0+2(S0 3 ,H0)-f 3HQ, 171*7 pts. pyroxylin, 
like the first, nearly insoluble. Mixtures of nitric and sulphuric acid in 
the above proportions, but containing 3|, 3f, 4, and 5 atoms water- 
yielded respectively 166*4, 160*5, 157, and 140 pts. of a product soluble 
in ether-alcohol, but repetition of the experiments did not give exactly 
the same results. At 15°, the mixture N0 5 ,H0+2(S0 3 H0)-|~3HO 
gave a product soluble in ether-alcohol; at 55°, a product insoluble 
in ether- alcohol. Mixtures containing more water yielded soluble pro- 
ducts at both temperatures ; but the pyroxylin prepared at a low 
temperature formed thick, glutinous solutions; that prepared at a 
higher temperature perfectly fluid solutions. (Hadow.) 

When the acid mixture is saturated with hyponitric acid, it attacks 
the cotton- wool more violently ; but yields a slightly explosive pro- 
duct, which dissolves in ether-alcohol ; whereas nitro-sulphuric acid, 
containing no hyponitric acid, yields a large quantity of highly explo- 
sive pyroxylin. (Pelouze, Compt, rend . 24, 86.) 

C. Processes With saltpetre and oil of vitriol. All these processes aim at the 
production of collodion-wool. — Mialhe (W. J. Pharm, 24, 263) enqploys, for 
1 pt. cotton- wool, 20 pts. dry saltpetre and 30 pts. fuming sulphuric 
acid, and allows the action to go on for 3 minutes. Livonius (A 7 . J. 
Pharm . 16, 122) and Magnes-Lahens (JS T . J. Pharm. 16, 353) operate 
in the same way, bnt employ common oil of vitriol and allow the 
action to continue for 5 minutes. 

Mann recommends as the best mixture 20 pts. saltpetre, and 31 pts. 
oil of vitriol of sp. gr, 1*83 to 1*835; he allows the mixture to cool to 
below 50°, and then lets 1 pt. cotton-wool lie in it for 24 hours at 28° 
of 30°. If the cotton -wool remains for 5 or 6 days in the mixture, at 
about 30°, the product is all the better; if the action is only continued 
for 16 or 20 minutes the product is imperfect. He also obtained good 
collodion-wool with the following mixtures : 1 pt. cot ton- wool to 
10 pts. saltpetre and 33 pts. sulphuric acid of sp. gr. 1*80; 1 pt. 
Cotton- wool to 17 pts. nitrate of soda and 68 pts. sulphuric acid of 
sp. gr. 1*79, or to 34 pts. nitrate of soda and 66 pts. sulphuric acid of 
sp. gr. 1*80. When nitrate of soda is used, the acid mixture is allowed 
to stand 24 hours before the cotton-wool is put into it ; the cotton- 
wool is then left in it for 5 days at 30°. 

According to Legray ( Gerhardt, Trade, 2, 509) excellent collodion 
for photographic purposes, and completely soluble in ether, is obtained 



172 


CARBO-HYDRATES C 13 H 10 O 10 , 


by operating as fallows : — 80 grammes powdered nitrate of potash is 
placed in a capacious dish, 120 grammes concentrated sulphuric acid is 
poured upon it, and the whole well mixed ; 4 grammes cotton-wool is 
then added and stirred about in the mixture for 10 minutes, after 
which it is taken out and thoroughly washed with water ; the product 
is injured by allowing it to remain in the acid for a longer time. 

In order to obtain soluble collodion-wool with a mixture of 2 pts. 
saltpetre and 3 pts. oil of vitriol, the cotton-wool should he dipped 
into the mixture while it is still warm from the heat produced in the 
reaction, not after it has cooled. (Bechamp.) The following experiments 
confirm this statement, hut according to the results obtained by Mann, it appears that, 
■when less concentrated sulphuric acid is employed, long continuance of the action pro- 
duces the same result as an increase of temperature. [Kr.] See also Hadow, p. 

1 oz. cotton-wool, immersed in a mixture or 16 oz. dried saltpetre 
and 24 oz. Nordhausen sulphuric acid at 81°, yields 127 p. c. pyroxylin, 
insoluble in ether, and but slightly explosive. 

With common sulphuric acid, instead of Nordhausen acid, 109 p. c. 
pyroxylin, of similar properties, is obtained by 10 minutes’ action at 
56°, 102 p. c. by | hour’s action (or, with constant stirring, 108 p. c. 
explosive, partially soluble pyroxylin), and only 36 p. c. by 1 hour’s 
action. On the other hand the mixture of 16 oz. saltpetre, 12 oz. 
Nordhausen acid, and 12 oz. common sulphuric acid, mentioned at 
p. 169, yields with 1 oz. cotton-wool, at 68°-71°, 123 p. c. soluble 
collodion-wool in 3 to 4 minutes, hut only 102 p. c. in 20 to 25 minutes. 
Insoluble collodion can also be rendered soluble by treatment with 
this mixture. 

Pyroxylin soluble in alcohol may he obtained by immersing 
cotton-wool in a mixture of 4 pts. by weight of sulphuric acid of sp. gr. 
1*84 and 3 pts. nitric acid of sp. gr. 1*40 ; decanting the acid after 
five minutes’ immersion ; pouring the pyroxylin into a bucket of waters 
agitating it, with frequent renewal of the water ; leaving it immersed 
over night ; repeating the washings in the morning ; and then spread- 
ing it out on a table to dry. The washing must be performed with 
care, as the pyroxylin is of pulverulent texture, and is easily washed 
away. The strength of the acids used in the preparation is of especial 
importance ; if they are too weak, the cotton dissolves ; if too strong, 
the pyroxylin produced is insoluble in alcohol. (Sutton, Rep. Chim. 
app. 4, 145). If. 

100 pts. cotton-wool yield 154 pts. pyroxylin (Teschemachcr & 

. Porrett) ; 169 pts. (Teschemacher) ; 177*9 pts. (Walter Crum) ; 150- 
170 pts. (Fehlmg) ; 168-170 pts. (Pelouze ; 100 pts. Swedish paper 
yield 175 pts. pyroxylin: Pelouze); 169 pts. (Hecker & Schmidt); 
176-2 pts. (van Kerckhoff & Eeuter) ; 173-175*2 pts. according to 
Schonhein’s process (Gladstone, Lieb . Kopp. Jahresber. 1847-1848, 
1137) ; 164*1 pts. (Kansome) ; 142-175 pts., varying according to the 
quantity and degree of concentration of the acids (Gladstone); 
201*5 pts. (Soubrisseau.) 

Properties . Pyroxylin prepared from cotton-wool retains the exter- 
nal properties of the wool, but is usually somewhat harsher to the 
touch. It has neither taste nor smell, and is neutral to moistened litmus- 
paper. — By friction it becomes more strongly electric than cat’s skin ; 
it crackles, yields sparks, and is phosphorescent in the dark. (Gaiffe, 
Compt rend . 24, 88.) The fibres of pyroxylin seen under the micro- 
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scope, by polarised light, exhibit very little brightness, and scarcely 
any play of colours ; whereas the fibres of common cotton-wool appear 
bright and show a beautiful play of colours in the dimmest light. 
(Kindt, Fogg. 70, 168.) 

Calculations. 


a. b. 


24 C ... 

144 

.... 28*57 

24 C 

.. 144 .... 

26*23 

16 H ... 

16 

3*17 

15 II 

.. 15 .... 

2*73 

4 N ... 


.... 11*11 

5 N 

.. 70 .... 

12*75 

36 O ... 

28S 

.... 57*15 

40 0 

.. 320 .... 

58*29 

C 24 H 10 X 4 O 20 504 

.... 100*00 

C 24 H 15 X 5 0-° 

.. 549 .... 

100-00 



c. 


d. 


24 C ... 

144 

.... 24*24 

24 C 

.. 144 .... 

25-39 

14 H ... 

14 

.... 2*35 

17 H 

.. 17 .... 

2-99 

6 N ... 

84 

.... 14*14 

5 N 

.. 70 .... 

12*34 

44 O ... 

352 

.... 59*27 

42 O 

. 336 .... 

59-28 

C 24 H l4 X G 0 2 ° 594 

.... 100*00 

C 24 H 17 0 17 ,5N0 5 

.. 567 .... 

100-00 


Sehonbein 

Domonte & 

van Kerckhoff 

Iieckei 

1 * & 


& Boitger. 

Menard. 

& Reuter. 

Schmidt. 



a. b. 




C 

27*43 .... 

28*5 .... 23*38 .... 24*59 to 25*03 .. 

.. 24-73 to 26-06 

H 

3*54 .... 

3*5 .... 2-92 .... 2*49 — 2*59 . 

.. 2*68 — 

2*94 

N 

14*26 .... 

11*6 11*36 .... 13*8 4 — 14-33 . 

.. 12-26 — 

13*50 

0 

54*77 .... 

56*4.... 62*34 .... 58*14 — 58*70 . 

.. 59*22 — 

59*77 



100*00 ..., 

. 100*0 .... 100*00 




Ransome. 

Walter Crura. 

Pelouze. 

Gladstone. 

C 

26*16 .. 

24*69 

25*2 to 25*8 . 

26*1 to 27*9 

H 

3.14 .. 

2*48 

2*9 — 2*3 

3*22 — 3*33 

N 

10*20 .. 

13*80 

12*6 - 13 0 . 

12*75 

0 

60*50 .. 

59*03 

59*3 — 5S*9 



100*00 ., 

100*00 

100*0 .... 100*0 




Roser & 

Porrett & 

Peligot. 



Krauss. 

Teschemacher. 


C 25-9 to 26*7 26*77 22*17 


H 3*7 — 4*1 2*22 2-80 

N..'....* 9*3 — 11*0 17*84 

O 54*87 

Sehonbein & Bottger investigated pyroxylin which had been dissolved in acetic ether ; 
Domonte & Menard pyroxylin, insoluble (#) and (5) soluble in ether-alcohol; Roser & 
Krauss analysed air-dried pyroxylin; v. Kerchhoff & Reuter dried theirs in vacuo; 
Pelouze, his at 40° — 55° ; Schmidt & Hecker, theirs at 90° — 100°. 

The formulae «, b , c, represent pyroxylin as cellulose which has taken up 3, 4, or 5 
at. nitric acid, with elimination of as many atoms of water. If for the purpose of com- 
paring the different formula, we disregard for the moment whether the various authors 
have represented pyroxylin with C 12 or with C 24 , and as containing NO 4 or NO 5 as a 
proximate constituent, the various formulae which have been proposed may be written 
thus: C 24 H ls X c O' 24 (Peligot.), C 24 H 1G X 5 0 21 (Schmidt & Hecker.), C^H^O 13 (van 
Kerckhoff & Reuter.}, C 24 H 16 X s 0 24 (Forrett&Teschemacher.), C^H ,7 X 5 0’* s (Pelouze). 
The formula a was proposed by Gerhardt ( Traite, 2, 504) for the product examined by 
Domonte & Menard ; the formula b was proposed by Gladstone; formula c, by Walter 
Crum. According to Gerhardt, the last formula represents 'the composition of the pro- 
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ducts examined by Gladstone, Pelouze, Schmidt and Hecker, and van ^KerckbofT & 
Eeuter. The formula d, first proposed by Pelouze, is also adopted by Bechamp ; this 
chemist obtained from pyroxylin on an average 56*77 p.c. cotton- wool (calc. 57*14 p.c.) 
See also below. 

Pebling gives the formula C^H^O^dNO 5 , according to which the formation of 
pyroxylin must be supposed to be accompanied by elimination of water from the nitric 
acid only, at least for the product examined by Poser & Krauss. The rapid dilution of 
the acids used for preparing pyroxylin is in opposition to this view. Sohbnbein & 
Bottger’s formula, CWN-’CP 3 , is inadmissible, seeing that no second carbonised product 
is formed. Ran some's formula, C 12 H s O 10 ,2NO% which involves the elimination of 
hydrogen, is equally inadmissible. Pettenkofer's formula, C 1 -H 7 0 us ? N0 5 , is founded 
upon an incorrect nitrogen -determination. For Porrett's adventurous views see Mem. 
Chem. Soc . 3, 287 ; Phil. Mag. 30, 273 ; J.jjt. Cham. 41, 208. 

Domonte & Menard assign the formula C' 24 II lS X G 0 24 to that portion of pyroxylin 
which is soluble in ether, and the formula C 24 H 1G X 4 0 2G to the insoluble portion ; the 
former in their glucose sexnitrique , the latter their ligneux quadrinitrique. Gaudin 
( Compi . rend. 23, 10119) distinguishes the soluble portion as ether ziline. 


According* to Hadow, the action of nitrosulphuric acid on cotton- 
wool produces mainly three distinct products : 

a. C 12 H 7 X 3 0 10 , or C 33 H 21 X 9 0 30 . Obtained, in the proportion of 
181*34 pts. (calcul. 183*3 pts.) from 100 pts. cotton- wool, by repeated 
immersion in a mixture of 1 at. nitric acid (HO, NO 6 ), 2 at. oil of vitriol, 
and 3 at. water. Insoluble in ether-alcohol ; soluble in acetic ether. 
Yields, when decomposed by sulphydrate of potassium, 54*6 to 55*2 
p. c. cotton-wool (calcul. 54*54 p. c.) and 44*07 p. c. hyponitric acid 
(NO 4 ) after deducting the corresponding quantity of hydrogen (calcul. 
45*46 p. c,). 

b. C S6 H 22 X 8 0 30 . Obtained in the same way as «, when the acid mix- 
ture contains \ at. more water, 100 pts. cotton-wool yielding 171*4 pts. 
of this compound (calcul. 174 pts.). Soluble in ether-alcohol ; insolu- 
ble in acetic acid. Treated in the same manner as a, it yields 57*56 
to 58*34 p. c. cotton-wool (calcul. 57*45 p. c.). 

c. C se H 23 X 7 0 30 . The mixture employed for the preparation of a 
yields, when 1 at. water has been added to it (making 4 at. water in 
all), 164 p. c. of this substance (calcul. 164*8 p. c.). Soluble in ether 
and in glacial acetic acid. Gives by decomposition 60*66 p. c. cotton- 
wool (calcul. 60*67 p. c.). (Hadow.) 

According to the views of most chemists, the nitrogen of pyroxylin 
is contained in the form of X (see vii. 73) replacing hydrogen ; 
according to Bechamp (who has further extended the view previously 
propounded by Pelouze, Cottereau, and Walter Crum) it exists in the 
form of nitric acid (NO 5 ). According to the former view, pyroxylin is 
comparable with nitrobeuzoic acid, nitrobenzene, &c.; according to 
Bechamp’s view, it is comparable with nitric ether (viii. 475). The fol- 
lowing decompositions are favourable to the latter view : 1. Alkalis 
and reducing agents transform nitro-compounds into new substances 
containing nitrogen, but from pyroxylin they regenerate the original 
non-nitrogenous cotton- wool, just as they regenerate alcohol from 
nitric ether. (Bechamp.) — 2. Pyroxylin behaves like a nitrate, not 
like a nitro-compound, with protosulphate of iron. (Cottereau, Compt 
rend. 23, 1157.) — 3. Pyroxylin, decomposed over mercury by oil of 
vitriol, behaves like a nitrate, giving off the whole of its nitrogen in 
the form of nitric oxide. (Walter Crum.) 
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Decompositions . 1. Under certain conditions winch are not accurately 
known, and do not always occur, pyroxylin undergoes spontaneous de- 
composition , which is either accompanied by ignition and explosion, or 
takes place more slowly, unaccompanied by these phenomena. 

On the 17th July, 1818, the explosion of 1,600 kilogrammes of gun- 
cotton, for which no cause could be ascertained, completely destroyed 
the manufactory at Bouchet. Walls, from J metre to 1 metre in 
thickness, were literally broken to powder from top to bottom, and 
the heaviest articles were hurled to great distances. ( Compt . rend. 
28, 345.) Similar explosions have taken place at Hartford, in Saxony, 
and at various other places. An explosion of pyroxylin took place in 
a magazine near Vincennes, which no one had entered for several clays 
previously. ( Handivorterb . 6, 723.) 

Pyroxylin stowed away in casks in a dry place evolved a choking 
smell after 3i to 9 months, contained formic acid, and as much as 11-5 
p. c. water ; probably because the sulphuric acid cannot be thoroughly 
removed by washing with water, and then causes decomposition to set 
in. — Pyroxylin, stored up in Glashaven, decomposed with evolution of 
gas, blowing out the stoppers of the bottles, and leaving as residue a 
soft white mass, which continued to evolve nitric oxide. (Maurey, 
Compt. rend . 28, 344.J — Pyroxylin, prepared in 1847, crumbled to 
powder with evolution of red fumes, after some time ; after 12 years, 
the residue had deliquesced to a gum containing crystals of oxalic 
acid. (Hofmann, Ann. Fharm 115, 283.) — A woven fabric, which had 
been converted into pyroxylin, evolved red vapours, after 3 years ; after 
being then washed, it was less inflammable; and, when dried at 110°, 
contained 31*25 p. c. C., 4*08 p. c. H., and 7*88 p. c. N. (Kuhlmann 
& Wurtz, Compt. rend. 42, 676.) 

2. Pyroxylin prepared with nitric acid explodes, like fulminating 
mercury, when struck upon an anvil with a hammer. (Otto.) Mode- 
rately strong strokes of a hammer upon pyroxylin cause it to fly to 
dust with a loud report hut without flame. (Schonbein & Bottger.) 
Pyroxylin does not take fire when rubbed in a mortar with hard soda- 
glass. In other cases, pyroxylin takes fire by friction only when the 
heat produced is sufficient to make it do so. (Schonbein & Bottger.) 

3. Pyroxylin is not decomposed, or only with difficulty, by the,.; 
electnc current But if pyroxylin moistened with glacial acetic acid is f 
placed between a silver and a zinc plate, connected by a copper wire, ( 
and allowed to remain for eight hours, a small quantity of substance I 
is deposited on the silver plate, which, when diy, is white, has the ! 
appearance of starch, and blues litmus. (Porrett.) 

4. By contact with a glowing match it takes fire and hums away 
instantaneously, like gunpowder. When warmed by itself, it either 
takes fire and explodes, or, when heated more slowly, is gradually 
decomposed with inflammation. 

Pyroxylin may he exploded by touching it with a spark, when laid 
on the palm of the hand without causing pain, and when laid on a 
heap 'of gunpowder without setting fire to the latter. (Knop.) — 
Pyroxylin heated in an oil-bath does not take fire 130° ; at 150°, it 
takes fire in 12 minutes ; at 170°, in ^ minute ; at 200°, in 12 seconds ; 
at 230°, instantly, leaving no residue. (Schonbein & Bottger.) 
Payen observed the inflammation of pyroxylin, in a stream of heated 
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air, at 25°-30° ; Piobert, at 70°-80°. When heated in the air it takes 
fire at 175°-180° (Pelouze); at 188°. (Gladstone.) Pyroxylin pre- 
pared from carded cotton- wool does not take fire below 200°. 
(Payen.) 

Pyroxylin placed at the bottom of a tube heated to 200°, whose 
temperature is gradually falling, still explodes at 138°, but not at lower 
temperatures. If the tube is quickly heated, so that the temperature 
rises 12*5° in a minute, the pyroxylin explodes sometimes at 62*5° ; 
generally in from 2 to 5 minutes at 95°. (Marx, Pogg. 78, 100.) 

Pyroxylin when slowly heated gives off a smell of nitrous acid at 
100° ; loses 10 p. c. of its weight in an hour between 100° and 
110° ; becomes yellow and pulverizable, and then sometimes takes fire 
suddenly. (Pelouze.) Pyroxylin enclosed in glass tubes takes fire at 
132° when quickly heated in an oil-bath; when slowly heated, not 
even at 180° or 200°. (van Kerckhoff.) If pyroxylin is heated 
slowly, so that the temperature rises 6*25° in a minute, it begins to 
evolve acid vapours at G9°, and then explodes with much less vio- 
lence when lighted ; at 150°, it scarcely explodes at all, and if kept 
for an hour at 137° it becomes yellowish brown, afterwards darker, 
and is at last converted into a black tissue which no longer explodes 
in the flame. (Marx.) Piobert and van Kerckhoff obtained similar 
results by slow heating. 

The gases produced by the explosion of pyroxylin consist of 
nitrogen, carbonic acid, carbonic oxide, steam, nitrous acid or nitric 
oxide, hydrocarbons, ammonia, hydrocyanic acid or cyanogen ; some 
of these gases are probably only formed under particular circum- 
stances. 

1 gramme pyroxylin, prepared with nitrosulphuric acid, yielded, on 
explosion in the vacuum of the barometer, 588 c. c. gas, measured at 
0° and 760 mm. pressure. This gas contained, in 100 pts., 40 pts. 
nitrogen, 17*2 nitric oxide, 37*6 carbonic oxide, 20*8 carbonic acid, 4*6 
carburetted hydrogen, and 15*8 steam. (Schmidt & Hecker.) Porrett 
& Teschemacher obtained, from 1 gramme pyroxylin, 488 c. c. gas, 
containing, in 100 pts., 7*14 pts. nitrogen, 35*72 nitric oxide, 35*72 
carbonic oxide, 14*28 carbonic acid, and 7*14 cyanog-en. Fordos & Gelis 
( Compt . rend. 23, 982) always found cyanogen or hydrocyanic acid, 
whether the explosion took place slowly or all at once, but ammonia 
only in small quantity. — The projectile force of pyroxylin exploded in 
fire-arms or in mines, is from If to 6 times as great as that of gun- 
powder ; the explosion takes place, however, too instantaneously, so 
that fire-arms are soon rendered useless, and frequently burst, by the 
employment of pyroxylin. 

5. Pyroxylin moistened with moderately hot steam , and heated to 
100°, evolves, sometimes more, sometimes less, nitric acid vapour, 
afterwards hyponitric acid vapour, and when coloured vapours are no 
longer given off, is found to have lost from 24*2 to 29*3 p. c. of its 
weight ; it is thus converted into typhoxylin, or similar compounds, 
produced from pyroxylin by fixation of water and elimination of nitric 
(or hyponitric) acid, (van Kerckhoff & Reuter.) if the red fames are too 
rapidly evolved, explosion may occur. 

a. C 24 K 3 H 16 0 30 , van Kerckhoff & Reuter’s Typhoxylin. — If the loss 
of weight by the pyroxylin amounts to 27 p. c., the residue, when dried 
in vacuo, contains on the average 33*49 p. c. 0., 3*91 p. c. II., and 
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6*66 p. c. N. (calculation, 38*64 p. c. C., 3*78 p. c. H., 6*54 p. c. K) ; 
it lias therefore been formed by the fixation of 3 at. water, and elimi- 
nation of 4 at. hyponitric acid: C 24 N 6 H I3 0 43 -f 3 HO — C 24 X 2 H 1G O E0 -f 4X0. 
This typhoxylin lias the appearance of pyroxylin, it is very easily 
powdered, pure white, becomes brown at 150°, more rapidly at 170°, 
and explodes when quickly heated, evolving nitric oxide and combus- 
tible gases. It is insoluble in cold nitric acid, dissolves slowly in warm 
nitric acid, easily in cold sulphuric acid and evolves gas when wanned 
therewith. Cold potash-ley dissolves it with yellow-brown colour, 
sugar of lead causes a precipitate in this solution. Ammonia and 
baryta-water colour typhoxylin light brown. It is only imperfectly 
soluble in ether or in acetic ether. 

h. C 24 X 2 H 17 0 31 . "When the loss of weight amounts to 24*2 — 24*9 
p, c. (calcul. 25*3 p. e.), the residue contains, on an average, 32*87 
p. c. 0., 3*92 p. c. H. (calculation, 82*95 p. c. C., 3*88 p. c. BL), it is 
accordingly produced by fixation of 4 at. water and elimination of 4 at. 
hyponitric acid. 

c. C 34 jS 1 2 H 17 0 27 , and d. C^N 2 !! 18 !) 28 . The former compound is con- 
tained in the residue when the loss of weight amounts to about 30 p. c. 
(calc. 80*8 p. c.), and contains 35*78 p. c. (1, and 4*68 p. c. H. (calcula- 
tion, 35*55 p. c. C., and 4*20 p. c. H.). The latter compound contains, 
on an average, 34*61 p. c. C., and 4*30 p. c. K. (calculation, 34*78 p. c. 0., 
and 4*34 p. c. II.) They are formed from pyroxylin by fixation, the 
former of 4 at., the latter of 5 at. water, and elimination of 4 at. nitric 
acid, (van Kerckhofi & Reuter.) 

6. Pyroxylin moistened with liniodide of potassium (solution of iodine 
in aqueous iodide of potassium), and afterwards with a mixture of 1 pt. 
oil of vitriol and 4 pts. water, becomes yellow after some time, whereas 
unaltered cotton-wool is coloured blue. (Kindt, Pogg. 70, 168.) 

7. Pyroxylin dissolves in concentrated nitric acid at 80° or 90°, and 
is precipitated almost completely by oil of vitriol in white amorphous 
flocks, otherwise unchanged ; water precipitates it in bitter, white 
flocks, soluble in alcohol and in a large quantity of water, which burn 
more slowly than pyroxylin and leave charcoal. (De Vrij, Compt. rend , 
24, 19.) 

Pyroxylin is dissolved between 38° and 67° when warmed with 
20 pts. nitric acid of sp. gr. 1*45 : water added to the solution precipi- 
tates it unchanged, except that it has lost its organised structure. 
The nitric" acid solution evolves abundance of red fumes if heated 
to 113°, and, when afterwards neutralised with carbonate and bicar- 
bonate of potash, yields a whitish grey precipitate. (Porrett.) 

8. It dissolves less readily than cotton- wool in cold oil of vitriol , more 
easily in sulphuric acid of sp. gr. 1*5 — 1*7. The solution evolves car- 
bonic acid and nitrous gas at 100°, and does not become brown till 
more strongly heated (van Kerckhoff & Renter), not even when boiled. 
(Gladstone.) The solution of cotton -wool in oil of vitriol becomes brown at 90° 
without evolving gas. 

Bihydrated sulphuric acid neither dissolves pyroxylin nor becomes 
heated in contact with it, but soon evolves a smell of nitric add. If 
water is added after 24 hours, the mixture filtered, and the filtrate 
VOL, XV. N 
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distilled, nitric acid passes over, and, when the residue in the retort 
gets more concentrated, red fumes are given off. (Bechamp, A r . Ann . 
Chem. Phjs . 46, 358). 

9. Hot hydrochloric acid dissolves it with decomposition. (Bechamp.) 

10. Moist sidphurous acid does not decompose it even on heating. 
(Bechamp.) — 11. Hot altered by sulphuretted hydrogen passed into its 
solution in ether- alcohol. (Bechamp.) 

12. Pyroxylin moistened with water, or dissolved in ether-alcohol, 
is decomposed by gaseous ammonia into nitrate of ammonia and 
quadrinitrocellulose. (Bechamp.) The action of an excess of ammonia 
aided by heat, on pyroxylin moistened with water, yields a brown mass 
devoid of structure. (Bechamp.) 

13. Pyroxylin is decomposed when heated with aqueous hydrosul- 
phate of ammonia , and when washed and dried, no longer explodes by 
heat. (Pettenkofer, Marx.) If ammonia is passed into a solution of 
pyroxylin in ether- alcohol until it becomes perfectly fluid, and then 
sulphuretted hydrogen, a yellow precipitate containing sulphur is pro- 
duced, which is insoluble in alcohol of 90 p. c., but partially soluble in 
water. (Bechamp.) 

14. Moderately concentrated potash- or soda-ley dissolves pyroxylin 
slowly at the common temperature, more quickly between 60° and 80°, 
with formation of nitrates. 

a. If the solution is filtered before all the pyroxylin is dissolved, 
and precipitated with dilute acid, a gelatinous precipitate is produced, 
probably containing quadri- or ter-nitroccllnlose, which burns when dry, 
hut leaves a large quantity of charcoal and is soluble in boiling alcohol, 
or in cold ether-alcohol. The solution may be diluted with a considerable 
quantity of water without becoming turbid ; with ammoniacal acetate 
of lead, it produces a bulky precipitate. (Bechamp.) 

h . The alkaline solution of pyroxylin becomes brown at 50° or 60°, 
and is then no longer precipitated by acids. If the solution is neu- 
tralised, shortly before this point, with dilute sulphuric acid, it leaves 
on evaporation a mixture of nitrate, nitrite, and sulphate of potash, 
with sugar, which last is converted, by further action of alkali, into 
glucic and apoglucic acids. (Bechamp.) 

c. If the solution of pyroxylin in ether-alcohol is mixed with as 
much alcoholic potash as is required to neutralise the nitric acid, it 
solidifies to a jelly, and addition of water causes a pitch-like substance 
to separate, while scarcely any organic matter remains dissolved in the 
supernatant ether-alcohol. The pitch-like mass containing potash, 
when dissolved in water, yields a gelatinous precipitate of temitro- 
cellulose on addition of acetic acid. C^H^O 17 , 5N0 5 + 2KO, HO = 
C 2 *H 17 Q 17 , 3N0 5 + 2KO, NO 5 + 2HO. (Bechamp.) 

According to van Kerckhoff (J. pr. Chem. 40, 284) an excess of 
moderately concentrated solution of potash dissolves pyroxylin by 
long standing in the cold, with phenomena of decomposition different 
from those produced when it is heated with a smaller excess of potash. 
The alkaline solution contains nitrite and a small quantity of carbonate 
of potash, and yields a pale yellow precipitate with acetate of lead 
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after supersaturation with acetic acid, and a further precipitate on the 
subsequent addition of basic acetate of lead. The first precipitate 
had, in one experimemt, the composition of citrate of lead, but in 
another it yielded, by decomposition with sulphuretted hydrogen, an 
acid of the composition of tartrelic acid (x, 334). The precipitate pro- 
duced by basic acetate of lead contained C 12 H 6 0 1S , 7PbO (tartersaures 
Bleioxyd , therefore : van Kerckhoff). Hadow observed the evolution 
of ammonia on warming pyroxylin with potash-ley. In the cold there 
is slowly formed, without evolution of gas, a brown solution which 
reduces silver- salts and contains oxalic, nitrous, and nitric acid, to- 
gether with a peculiar acid, Hadow’s pyroxylic add , which agrees in 
its properties to some extent with saccharic acid. — The alkaline solu- 
tion of pyroxylin precipitates • silver from an ammoniacal solution of 
silver, as a mirror on the sides of the vessel. (Vohl, Dingl. 112, 237). 

15. Pyroxlin is completely converted into cotton-wool hy alcoholic 
of hydrosulphate of potassium in the course of 24 horns. (Hadow, comp, 
p. 174). 

16. A concentrated watery solution of protochloride of iron in excess 
acts upon pyroxylin, slowly in the cold, more quickly when heated, 
transforming it into ordinary cotton- wool. Ferrous acetate acts in the 
same way, but converts the nitrogen of the pyroxylin into ammonia, 
(Bechamp.) The regenerated cotton-wool has the composition and 
all the properties of the original cotton- wool, and may be again con- 
verted into pyroxylin and reduced a second time. (Bechamp, comp, also 
p. 173.) 

17. Pyroxylin evolves all its nitrogen, in the form of nitric oxide, by 
contact with oil of vitriol and metallic mercury . (Crum.) 

18. It is decomposed hy boiling aqueous permanganate of potash with 
formation of nitric acid. (Cloez & Buignet, Oomph . rend. 47, 172 ; J. 
pr. Chem . 76, 501.) 

19. With common camphor , fat oils , max, or resins, pyroxylin forms 
dark brown solutions, which give off nitrous acid. (Hartig, Tinier - 
suckungen uber JSchimbaumivolle , Braunschweig, 1847.) 

Combinations. Pyroxylin is insoluble in water, and remains un- 
changed when boiled with water for a long time. (Pelouze.) After 
being kept for 5 weeks under water, it is found to be unaltered on dry- 
ing (De Vrij ; for decomposition by heating with steam, see p. 176). 

It absorbs fluoride of boron without change of colour or loss of 
inflammability. If it contains unaltered cotton-wool, it explodes 
by contact with fluoride of boron. (Berthelot, A r . Ann. Chim. Phys . 
38, 58.) 

Insoluble in aqueous cuprammonia . (Schlossberger, J. pr. Chem. 
73, 573.) 

Insoluble in glacial acetic acid. (Schonbein & Bottgeiy De Vrij.) 
Pyroxylin, prepared with nitrosulphuric acid diluted to a certain point, 
dissolves in glacial acetic acid. (Hadow ; see p. 173.) — Forms, with 
acetone , a transparent jelly, which is curdled by water. With a large 
quantity of acetone, it forms a perfect solution. (Be Vrij.) — Insolu- 
ble in chloroform. (Magnes-Lahens, N. J . Pharm . 16, 353. — Lepage, 
J. Ohm , mid. 25, 147.) 
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Dissolves in wood-spirit. (Plessy & Schiitzenberger, Mulhouse Soc . 
BnH 25, 187; Dingl. 131, 858.) — Insoluble in alcohol; slightly soluble 
in alcohol of 40 °, according to Magnes-Lahens. — Vohl {Ann. Pharm. 
70, 360) boiled pyroxylin, prepared by means of nitrosulphuric acid and 
insoluble in ether, for several hours with absolute alcohol, whereby it 
became soluble in ether. The alcohol had then in solution a substance 
which was deposited, on evaporation, in granular crystals, and pos- 
sessed the following properties. It melted to an oil at 70° and solidi- 
fied hi the crystalline state on cooling ; exploded under the hammer, or 
when heated to 140° or 150° ; and was obtained from solution in 
alcohol as a tough resin which gave off alcohol when 'heated with 
water. It dissolved in ether, only when it had absorbed alcohol ; it 
was no longer soluble when freed from alcohol by precipitation from its 
alcoholic solution by water and boiling with water for several days. 
It dissolved in oil of vitriol, being reprecipitated by water ; and in 
very strong' boiling potash-ley, with evolution of ammonia. Its 
potash-solution reduced silver from an ammoniacal silver- solution. 
Hence Vohl assumes that alcohol extracts from pyroxylin a substance 
which incrusts the fibres, and so makes the residue soluble in ether. 

Pyroxylin is insoluble in ether. With ether-alcohol it forms, 
according to its mode of preparation, sometimes a thick, viscid 
solution, sometimes a perfectly fluid one, and sometimes does not dis- 
solve at all (comp. p. 170). 

The solubility of pyroxylin was discovered by FI. Domonte & Me- 
nard, and nearly at the same time by Meynard & Begelow. The re- 
sulting solution, collodioriy leaves the pyroxylin on spontaneous 
evaporation as a translucent, tenacious film ( collodion-film ) impervious 
to water. 

To prepare collodion, Soubeiran (A 7 . J. Pharm. 14, 263) shakes 
pyroxylin for a few minutes with 16 pts. ether and adds 1 pt. alcohol ; 
Livonius (A 7 . J. Pharm. 16, 122) employs 22 pts. ether and 4 pts. 
alcohol; Edwards, commercial ether of sp. gr. 0*7 to 0*76 ; Lassaigno 
J. Chinn, mid. 24, 541), 20 pts. ether and 1 pt. alcohol of 90 p. c. — 
Berard ( Pohjt . Centr. 1858, 892) obtains dry, transparent, and durable 
collodion by digesting pyroxylin for a long time with warm ether- 
alcohol, decanting the clear solution . after allowing it to settle, and 
distilling off the ether. The residue is completely soluble in ether- 
alcohol, and is not subject to spontaneous decomposition. 

Collodion-film is inflammable. (Soubrisseau, N. J. Pharm. 14, 47.) 
Tbe residue left by the evaporation of collodion gives off red fumes on 
drying (Domonte & Menard), and sometimes explodes with violence 
at about 115° ( Compt . rend. 23, 1088). A large quantity of water pre- 
cipitates from the solution inflammable flocks of pyroxylin devoid of 
organised structure. (Domonte & Menard, Magnes-Lahens.) The 
residue left by the evaporation of collodion is insoluble in water and in 
aqueous cuprammonia. (Schlossberger, J. pr . Chem. 73, 373.) Collo- 
dion does not become turbid when mixed with alcohol or ether (Mann), 
but solidifies after a time to a jelly if mixed with •§■ or J pt. chloroform. 
Lessage, J. CJnm. med. 25, 147.) 

Pyroxylin does not dissolve in ether containing from y to 4 pt. 
chloroform , in nitric ether , or in monochlorinated vine ether. With 
sulphovinic acid and oil of wine , it forms slightly sticky solutions. 
(Magnes-Lahens.) 

It dissolves in methyl-acetic ether , and in acetic ether v (Ricbier, 
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Schonbein & Bottler, Pelouze, comp. p. 173.) Pyroxylin swells up to 
a jelly in acetic ether, which leaves, by evaporation on glass plates, 
white pyroxylin devoid of organised structure, and this, -when treated 
even with weak alcohol, loses acetic ether, and on drying remains 
behind as a powder. (Hartig.) — The solution is not sticky. (Magn.es- 
Lahens, Livonius.) 

Pyroxylin is insoluble in oil of turpentine. (Magnes-Lahens.) 

Pyroxylin cannot be dyed, or only imperfectly. But pyroxylin 
which is partially decomposed by long keeping', or cotton- wool which 
is incompletely converted into pyroxylin by immersion in nitro -sul- 
phuric acid, takes more brilliant colours when dyed than- common 
cotton-wool. (Kuhlmann, Compt. rend. 42, 673 and 711). 


Tunicin, 

CPgioQio or C^Q 20 . 


0. Schmidt. (1845.) Zur vergUichenden Physiologic der - ivirbellosen 
Thieve , Braunschweig, 1845, 62; Ann. Pharm. 54, 318. — J. pr. 
Chem. 38, 433. 

Lowig & Kollikek, J. pr. Chem. 37, 439 ; Compt. rend. 22, 38. 
Dumas, Edwabds, Boussingault & Paten. Compt. rend. 22, 581 ; 
Ann. Scienc. not. 1846, 238. 

Berthelot. Compt . rend. 47, 227 ; Pf. Ann . Chim. Phys. 56, 149 ; Pep. 
Chim. pure, 1, 69; /. pr. Chem. 76, 371; Pharm . Centr. 1858, 675. 

Discovered by C. Schmidt in 1846 ; distinguished from cellulose and named 
Tunicin by Berthelot. 

Occurrence. Comp. Handbuch, viii. 473. — In the Ascidim (Tunicata, 
Lamarh ) ; in the mantle of Phallusia mamillaris , and Frustulia salum 
(Schmidt), in all Tunicata (Phallusia mamillaris , P. mtestincdis , P. mon - 
aclms, Cynthia papillata, Glavallina lepodiformis , Liozoma violacca, Bot - 
ryllus Po'lycyclas , Pyrosoma gigantea. Salpa maxima [Handb. viii. Zoochem. 
473]), not in the lower animals, as Polypes , Medusa ?, and Mollusca (Lowig 
& Kolliker) ; in the outer envelope of certain Tunicata ( Cynthia papil - 
lata). (Berthelot.) 

Preparation . The outer envelopes of the titnicata are treated suc- 
cessively with w T ater, alcohol, ether, dilute acid and aqueous alkali 
(Schmidt], or they are boiled for some hours with concentrated hydro- 
chloric acid, afterwards with aqueous potash of sp. gr. 1*28, then 
washed with water and dried. (Berthelot.) 

Properties. White, translucent, very soft, with somewhat of a 
pearly lustre (Dumas, &c.) 3 Of the external unaltered form of the enve- 
lopes. (Lowig & Kolliker.) Tunicin prepared from Phallusia mamilla - 
ris forms an agglomerate of large shapeless cells. (Schmidt.) 
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Schmidt. 





Phallusia 

Frustulia 




mamillaris . 

salina . 

C 24 

144 .... 

44*44 . 

45*38 .... 

.... 46*19 

H 20 

20 .... 

6*17 . 

6*47 .... 

.... 6*63 

CP 

160 .... 

49*39 . 

48*15 .... 

.... 47*18 

C 24 H 20 O 20 

324 ... 

100*00 . 

100*00 .... 

100*00 


Lowig & Kolliker. Dumas, &c. 

Phallusia Cynthia' Phallusia 

mamillaris , j mpillata, mamillaris . 

C 24 43*40 43*20 44*5 

H 20 5*68 6*16 6*4 

O 20 50*92 50*64 49*1 

C24 H 20o 2 0 100*00 100*00 100*00 

According to Schmidt, and Lowig & Kolliker, tunicin is cellulose or allied to cellu- 
lose ; according to Berthelot, it is isomeric with cellulose and analogous to chitin. The 
envelopes treated with aqueous potash and then with hydrochloric acid, still contain, 
from 3*2 to 3*8 p.c. nitrogen, hut may be obtained free from nitrogen by treatment 
with 2 p.c. potash-ley, next with 25 p.c. potash-ley, and lastly with aqueous hydro- 
chloric acid of the strength of 1 p.c. (Dumas, &c.) 

Decompositions , 1. Tunicin heated in a glass tube is cliarred without 
losing its form, evolving the smell of burning vegetable tissue. Heated 
in the air it burns away quickly and completely. — 2. Remains unal- 
tered when heated with water to 200°. (Schmidt.) — 3. It is coloured 
pale yellow when boiled with alcoholic iodine ; if then moistened with 
oil of vitriol, it is coloured violet. — The violet colour is followed by 
solution of the tissue, which at the same time loses its colour, while a 
great number of yellow corpuscles, previously enclosed between the 
fibres, become visible under the microscope. (Dumas, &c.) — 4. Not 
decomposed by boiling for several hours with dilute nitric acid . 
(Schmidt.) — 5. Dissolves without coloration in cold oil of vitriol 
(Dumas, &c.) The solution diluted with a large quantity of water 
contains, after an hour’s boiling, a substance * whose nature has not 
been determined, together with sugar, wherefore the solution neutra- 
lised with chalk, filtered and concentrated, reduces potassio-tartrate of 
copper, turns brown when boiled with potash, and ferments in contact 
with yeast, forming carbonic acid and alcohol. (Berthelot.) — 
6. Tunicin is not affected by dry fluoride of boron; with moist fluoride of 
boron it liquefies and then gives with water a solution which contains 
traces of sugar. (Berthelot.) — It remains unaltered by dilute acids , 
even when boiled with them for weeks, or by boiling potash-ley . 
(Berthelot.) 

It dissolves slowly in concentrated nitric acid. (Schmidt.) — Dis- 
solves with difficulty in aqueous cuprammonia . (Schlossberger, J. pi\ 
Chem. 73, 374.) 

Insoluble in ivater, alcohol , glacial acetic acid , or ether, (Berthelot.) 
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Glycogen. 

C 12 H I0 O 10 or C !4 H M 0 M . 


Cl. Bernard. Compt. rend. 41, 461. — Compt. rend. 44, 578 and 1325 ; 
J. pr. Chem. 73, 251 ; abstr, Kopp's Jahresber. 1857, 552. — Compt. 
rend. 48, 77, 673 and 884. 

Hensex. Wurzb. medic. Verhandl. 7,219. — Archie. fur pathol. Anato- 
mic, 9, 214; abstr. Kopp’s Jahresber . 1857, 553. 

Sanson. Compt. rend. 44, 1159 and 1323 ; abstr. Eopp’s Jahresber. 

1857, 553. — Compt. rend. 45, 140 and 343. 

Sciiiff. iY. Zeitchr. fur phjs. Heilkunde, 1, 263. — Compt. rend. 48, 880. 
Eug. Pelotjze. Compt. rend. 44, 1321 ; J. pr. Chem . 73, 249 ; abstr. 
Kopp’s Jahresber. 1857, 553. 

Bonuet. Compt . rend. 45, 139 and 573 ; abstr. Kopp's Jahresber . 1857, 
554. 

Keexle. Heidelb. naturw. Verhandl. 1858, Jan. ; Chem. Centr . 1858, 
300 ; abstr. Kopp’s Jahresber. 1858, 570. 

Poggiale. JY J. Pharm. 34, 99 ; Kopp's Jahresber. 1858, 569. 

Pavt. N. Phil. Mag. J. 17, 142 ; J. pr. Chem. 77, 354 ; abstr. Pep. 
Chim. pure, 1, 236. 

Gorup Besanez, Arm, Pharm. 118, 227. 

[The chemical nature of glycogen is treated of also Handbuch , viii. ZoocJiem. 74, 
385 and 550.] 

Glykogen , Glykogensubstanz, thierisches Amylum ; Matiere amylacie, Glycogens ; 
Hepatin, — Discovered and investigated by Bernard. 

Occurrence. In the liver. (Bernard.) In the placenta. (Bernard, 
Compt. rend, 48, 77 and 673.) — In the umbilical membrane of birds. 
(Serres, Compt. rend, 48, 86.) In graminivora, the liver generally 
contains glycogen, which is only found in the other organs, as in the 
muscular flesh of horses, when the animals have an abundance of food 
rich in starch. (Poggiale. — comp. Handbuch, viii. Zoochem. 385.) — In 
rabbits the liver contains as much as 2 p. c. of glycogen. (Kekule.) 

Preparation. 1. The liver of the quite freshly killed animal is cut 
into small pieces, immersed in boiling water, pounded and boiled for 
about an hour with a small quantity oh water; the liquid is then strained 
off, the residue squeezed out, and the filtrate precipitated with 4 or 5 
measures of alcohol of 38° to 40°. The yellowish white flocks are freed 
from sugar and soluble biliary matter by washing with a large quantity 
of alcohol ; and from adhering nitrogenous substances, by boiling for 
| an hour to 1 hour, with concentrated potash-ley, whereby they are de- 
composed with evolution of ammonia ; the solutionis then mixed with a 
small quantity of water, filtered, and precipitated with 4 or 5 measures 
of alcohol of 38° or 40°. The precipitate is freed from potash by wash- 
ing with a large quantity of alcohol ; it is then dissolved in a small 
quantity of water, the solution neutralised with acetic acid, and again 
precipitated with alcohol. Purer glycogen is thus precipitated, while 
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acetate of potash remains in solution. (Bernard.) So prepared, it is 
apt still to contain lime-salts, which may he removed for the most, part 
by repeated solution in strong* acetic or cold dilute nitric acid, and 
precipitation with alcohol, (Kekule. — comp. Hensen, Hmdbuch , viii. 
Zoochem. 385.) 

2. The fresh, filtered, and cooled decoction of the liver is precipi- 
tated with glacial acetic acid, whereupon nearly pure glycogen is 
thrown down, the albuminous substances remaining* in solution. 
(Bernard.) 

3. If the liver is washed out with cold water, by inserting* the 
nozzle of a caoutchouc syring’c into the vena porta and driving* a stream 
of cold water through the capillaries by careful pressure, a blood-red 
liquid is first obtained, then a bright rose-coloured liquid, then a milky 
liquid, and at last water. The rose-coloured and milky liquids are 
heated to boiling* and the filtrate precipitated with 2 measures of alco- 
hol of 90° ; and the flocks are collected after some hours, washed with 
alcohol, dissolved in water containing acetic acid, and again heated to 
boiling. The filtrate precipitated a second time with alcohol, yields 
flocks of glycogen in abundance, which must be freed from fat by 
washing with ether and dried in vacuo. (Gorup-Besanez.) 

Properties. White, mealy powder, which even under the micro- 
scope shows no peculiar form. Without smell. Tastes like starch. 
Neutral. (Bernard and others.) 

Calculation Calculation 

according to Pelouze. Pelouze. according to Kekule. Kekule. Gorup- 

Besanez. 
afl00°. aHOO 0 . 


12 

C ... 

. n ... 

40-00 .. 

.. 39-8 I 

12 

C ... 

, 72 .. 

.. 44-44 ... 

,. 44-49 .. 

.. 44*50 

12 

H ... 

12 .. 

.. 6-67 .. 

.. 6*1 1 

10 

H ... 

10 .. 

.. 6-17 ... 

.. 6*49 ... 

.. 6*38 

12 

0 ... 

. 96 .. 

.. 53-33 .. 

.. 54-1 

10 

O ... 

. SO ... 

.. 49-39 .. 

.. 49-02 .. 

.. 49*12 

C 12H^Q12180 .. 

.. 100*00 

.. 100*0 

C 12 H 10 O 10 162 .. 

.. 100-00 ... 

.. 300-00 ... 

.. 100*00 


Loses 1 at. water at 100°. (Pelouze.) — 'See Hardback, viii, Zoockem. 
385, for SchifFs and for Sanson’s statements respecting the identity of glycogen 
with inulin and dextrin. Lochner (Dissert. Erlangen, 1858), obtained numbers corre- 
sponding to the formula C^H^O 12 , 2 HO. On account of the discrepancy between 
the several statements, Gorup-Besanez thinks it possible that various kinds of glyco- 
gen may be obtained from the liver. 

Decompositions . 1. All reagents which transform starch into sugar, 

similarly change glycogen, first into a substance corresponding to 
dextrin, then into sugar. (Bernard.) The sugar so produced is iden- 
tical with grape-sugar. (Berthelot & de Luca, Compt. rend . 49, 213.) 
This transformation is occasioned by dilute mineral acids, diastase, and 
the ferments contained in the blood, saliva, liver, and pancreas. (Ber- 
nard.) Boiling* dilute sulphuric acid first clarifies the aqueous solution, 
and only produces sugar after continued boiling*. (Kekule.) — Neutral 
aqueous glycogen is immediately converted into sugar by saliva ; the 
transformation takes place very slowly, or not at all, in presence of 
free, acid, caustic or carbonated alkalis. (Pavy.) If the glycogen 
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contained in a concentrated decoction of liver or muscular flesh is 
warmed with saliva, it ferments on the subsequent addition of yeast. 
(Poggiale.) Glycogen which has not undergone this preliminary 
treatment, does not ferment on addition of yeast. (Bernard.) 

2. By roasting , glycogen is converted into a substance similar to 
dextrin. (Bernard.) The dextrin formed thus, or according to 1, 
rotates the plane of polarisation towards the right, does not reduce an 
alkaline solution of cupric oxide, is not coloured blue by iodine, and 
does not ferment with yeast. It gives a clear solution with water, not 
with strong alcohol. (Bernard.) 

3. Yields xyloidin when treated with concentrated nitric acid; and 
oxalic acid when boiled with dilute nitric acid. (Pelouze.) If concen- 
trated nitric acid is poured over glycogen dried at 100°, solution takes 
place after a few moments, and, if water is immediately added, a 
quantity of xyloidin is obtained amounting to 130 p. c. on the glyco- 
gen employed. If the nitric acid solution is allowed to stand for some 
time, water precipitates a smaller quantity of xyloidin, and after 
several days none at all. (Pelonze.) —4. Glycogen does not reduce an 
alkaline solution of cupric salts. (Bernard.) 

Combinations. Glycogen forms an opalescent solution with water. 
(Bernard, Kekule.) — In the absence of ferments, the solution under- 
goes no spontaneous alteration on standing. (Bernard^ On evapo- 
rating the solution, the glycogen separates out in films. (Hen sen.) 
According to Bernard and Lehmann, the solution is precipitated by 
acetic acid , according' to Lochner and Gorup-Besanez, it is not precipi- 
tated by acetic acid, but is rendered clearer by it, according to Gorup. 

Iodine colours it violet or bright brown-red, seldom pure blue (Ber- 
nard), violet or oftenest red-brown. (Kekule.) 

It is precipitated from solution in water by basic acetate of lead 
(Bernard) ; not precipitated. (Hensen.) 

It is quite insoluble (Bernard), slightly soluble (Hensen) in alcohol. 
— Animal charcoal precipitates it from solution in water. (Bernard.) 


Dextrin. 

£j 2 4 H io 0 io or (PH l0 O 10 . 

Biot & Persoz. (1833.) Ann. Chim. Phys. 52, 72; Sclav. 66, 169; 

Pogg. 32, 160 ; Ann. Pharm . 6, 209. 

Payen k Persoz. Ann. Chim. Phys. 53, 73; Pogg. 32, 182. — Ann, 
Chim. Phys. 56, 337. 

Paten. J. Chim. mkl. 9, 504, 549, and 572. — Ann. Chim. Phys. 61, 
372 ; 65, 225, and 234. — A r . Ann. Sc. nat. Botan. 10, 85, and 170. 
Guerin- Yarry. Ann. Chim . Phys 60, 68. 
jACQfnBLAiN. iY Ann. Chim . Phys. 8, 255 ; J. pr. Chem. 30, 477. 
BkcHAMP, Compt . rend. 51, 256. 

British gums Amidine (Clievreul.), Gomme amidone, Gomme dextrine (Payen & 
Persoz), Dextrine (Biot), Leiocomme ; StarJcegummi, Dextringummi. — Bechamp dis- 
tinguishes between dextrine defeetde and dextrine de ligneux. 
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As early as 1811, Yanquelin {Bull. Pharm. 3, 54) mentioned roasted starch, which 
Dobereiner subsequently (Schio. 8, 207) regarded as gum ; Biot & Persoz, as the con- 
tents of the starch-granules (Chevreul’s amidine). Payen & Persoz recognised it as 
a product of the transformation of the amidon contained in the starch-granules. Accord- 
ing to Chevreul (1834) it is identical with Couverchel’s gomme normale , Caventou's 
amidon modifii, Guibourt’s amidon soluble or amidine. — It has been examined chiefly 
by Payen. — It was named dextrin and distinguished from gum, by Biot & Persoz, on 
account of possessing a rotatory power towards the right ; but, according to Bechamp 
(IV. Ann. CJtim. Phys. 48, 461), Biot’s original dextrin is not the same as the substance 
to which that name is now given, but is identical with Bechamp’s soluble starch (p. 102). 
According to Sanson ( Handbuch , viii, Zoockem. 550), dextrin is identical with 
glycogen. [According to Eug. Pelouze ( Compt . rend. 44, 1321), the substance re- 
garded as dextrin or glycogen by Sanson is an altered albuminous body. — W.] 

Occurrence . Probably in nearly all vegetable juices, but mistaken 
for gum (Mulder. Lehrb. d. phys. Chem . 232), not in cereal grains. 
(Mitscherliek, Lehrb . 368.) In rye and wheat (Fiirstenberg, J. pr . 
Chem. 31, 195) ; probably in Fucus saccharinns (Witting. J . pr. Chem . 73, 
138) ; in Spanish chestnuts to the extent of 22*8 to 23*3 p. c. (Albini, 
Wien. Acad. Ber. 13, 502); in the blood (Handbuch, viii, Zoockem. 387 
and 550); in the juice of flesh (ibid. 387 and 550); in the kings and 
spleen, (ibid. 387.) — In bread, beer, and other articles of food, as a 
product of the metamorphosis of starch. 

Formation. A. From starch (comp. pp. 81, 84-86, 90, &c.) 1. By 
roasting nntil the starch acquires a yellowish brown colour and evolves 
vapour. (Dobereiner ; Bouillon-Lagrange, Bidl. Pharm. 3, 395.) By 
heating to 200° or 210°. (Payen.) The presence of water is unneces- 
sary or even disadvantageous, for starch dried at 150° yields scarcely 
anything but dextrin when heated for \ hour to 210° or 214° in an ‘ 
oil-bath, whereas air-dried starch forms soluble starch at the same 
time. (Maschke, J. pr. Chem . 61, 1.) — 2. By several days’ heating to 
100° with water (only traces are formed by using 2, or from 30 to 40 
measures of water). (Maschke.) By heating with water to 150° 
(Mitsoheriich, Fogg. 55, 221), under increased pressure (Jacquelain, 
Ann , Chim. Phys . 73, 187). 

3. By the action of acids, as of cold oil of vitriol (Payen), or of 
dilute sulphuric acid at 85°. It is formed more quickly and at a lower 
temperature by the action of strong than by that of very dilute sul- 
phuric acid; by continued boiling of the mixture it is transformed 
into glucose. (Biot & Persoz.) By dilute nitric acid. (Biot & Persoz, 
Payen.) By heating with ± pt. tartaric acid and 5 pts. water to 125° 
for an hour in a Papin’s digester. (Payen, J. Pharm. 7, 267.) 

4. By digestion with aqueous alkali. (Payen.) 

5. By the action of diastase at 60° or 75°. (Payen & Persoz, 
Guerin- Yarry.) 

6. By the action of sun-light on starch-paste. (St. Victor & 

Corvisart, Compt. rend. 49, 368; Ann. Pharm. 113, 112.) 

In the modes of formation 1 to 3, the formation of dextrin is pre- 

ceded by that of soluble starch. Comp. pp. 82, 84, and 102. (Maschke, 

Bechamp.) Sugar is formed at the same time as dextrin in processes 
3 to 5. (Musculus, — Comp. pp. 85, 90, and 91.) — According to Delffs 
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(Pogg. 109, 648), dextrin differs in its properties according as it is pre- 
pared with malt, with dilute sulphuric acid, or by roasting. 

B. From Cellulose. By the action of oil of vitriol. (Braconnot, 
Ann. Ckim. Phjs . 12, 172. — The dextrine de ligneux so obtained pos- 
sesses most of the properties of dextrine de fecule , but has a different 
rotatory power, and forms a dextrine nitrique ligneux which differs from 
bimtrodextrin. (Beehamp.) — According to Mulder, the dextrin of 
vegetable juices is formed from cellulose or a similar substance under 
the influence of diastase, and is further transformed into starch and 
sugar. 

Preparation. 1. Starch is heated In a shallow vessel with a double 
bottom (the intermediate space being filled with heated oil) to 150 — 
160°, with continual stirring, until it begins to turn yellow and becomes 
soluble in water. ( British gum , or Leiocomme of commerce.) — In order to 
purify it, it is repeatedly washed with cold and hot alcohol of sp. gr. 
0*843 ; dissolved in water at 90°, and precipitated with alcohol ; the 
precipitate again dissolved in hot w T ater, and the filtered solution eva- 
porated to dryness. (Payen.) — 2. One part of starch is acted upon 
with \ pt. oil of vitriol and 2*8 pts. water. The acid is mixed with 
part of the "water and the starch stirred up with the rest ; the diluted 
acid is gradually poured upon the starch, and the mixture is kept for 
some time at 90°. The dextrin is precipitated by alcohol from the 
clarified solution. (Biot & Persoz.) — Dextrin so prepared cannot be 
purified from sugar which is formed at the same time and adheres to 
it, except by dissolving it at least ten times in water and precipitating 
the solution with alcohol, which should not be employed in excess. 
(Payen.) — The solution obtained by boiling starch with acid contains, 
immediately after it has become clear, but little dextrin, but a large 
quantity of soluble starch. (Masehke, J. pr. Ckem. 61, 1.) — Hofmann 
{Dingl. 149, 320; Chem. Centr . 1859, 509; A r . Br . Arch. 98, 110), 
exposes com with 1*5 pt. water and 0*01 to 0*02 pt. oil of vitriol to 
high-pressure steam at 107° — 149°, for 2 or 3 hours, In an ah*- tight 
mash -tun, pours off the liquid, saturates it with chalk, and, after 
allowing the precipitate to settle, decants and evaporates to dryness. 
— 3. Starch is moistened with 0*002 pt. nitric acid and the requisite 
quantity of water, formed Into cakes which are broken tip after being 
allowed to dry in the air, spread ont in shallow layers in a chamber sup- 
plied with hot ah', gradually heated to 80°, and at last dried at 110“ 
(Payen.) — 4. Starch is digested for 12 horns at 50° — 60° with 5 p. c. 
potash- or soda-ley : the clear solution is neutralised with acetic acid, 
and precipitated with alcohol. Purification as in 2. (Payen.) 

5. Five parts of sprouted barley-malt with 400 pts. water at 
25° — 30° are slowly heated to 60°, 100 pts. starch are added, and the 
mixture is kept at 65° — 75° for about 4 an hour, or until the liquid, 
which is at first milky, has become clear and perfectly fluid, it being kept 
stirred all the time ; the temperature is then quickly raised to 95° or 
100°, to destroy the activity of the diastase ; the solution is filtered 
when cold and already clarified by subsidence ; and the filtrate evapo- 
rated at 110°, the scum which forms on the surface being skimmed off, 
to a syrup which solidifies to a jelly on cooling, and is then divided 
Into thin layers and dried in a current of ah* in a drying oven. The 
product Is purified by precipitating the concentrated aqueous solution 
with alcohol, treating the precipitate, which consists of dextrin with a 
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small quantity of starch, with water, which dissolves the dextrin, 
and again precipitating with alcohol. (Payen & Persoz.) — Sprouted 
barley-malt may also be mixed with 7 pts. water and gradually heated 
in the water-bath to 65°, with constant stirring ; then to 75° for 25 
minutes ; pt. animal charcoal added ; the liquid filtered, warmed in 
the water-bath to 60°, and starch added to it as above. The dextrin 
thus obtained is very white. 

In order to obtain dextrin-syrup, twice the quantity of malt indi- 
cated above must be used, and the mixture must be digested between 
05° and 75° for a longer time, until it is no longer coloured blue by 
iodine. (Payen.) The dextrin-syrup so obtained is precipitated with 
alcohol of 95 p. c., and filtered ; the residue is dissolved in 8 pts. water 
at 75°; the solution is shaken with animal charcoal for a quarter of an 
hour, andfiltered; and the filtrate is evaporated in vacuo. (Guerin -Tarry.) 
— Starch is digested at 70° — 75° with 0*02 pt. diastase and 5 pts. water, 
until the liquid is no longer coloured blue by iodine ; it is then filtered, 
and evaporated ; the residue freed from sugar by exhaustion with 
alcohol of 85 p. c., then dissolved in spirit of 80 — 35 p. c. ; and the 
solution filtered from the undissolved starch is evaporated. (Payen 
& Persoz.) 


Properties . S olid, brittle, colourless or slightly coloured, transparent , 
gummy mass, reducible by trituration to a white powder which grates 
between the fingers, (Payen. J. Chim . med. 21, 427), sp. gr. 1*52. 
(Payen.) — Tasteless (Payen, Guerin-Yany), has a sweetish gummy taste, 
(Bouitlon-Lagrange) ; inodorous, permanent in ary air, and at i00° (Gue- 
rin-Tarry). — Specific rotatory power [a] = 138*7° to the right, = 176° 
(Bechamp). Rotatory power of Dextrine de Ligneux [a] = 88*9° to the left, 
(Bechamp.) — bFeutraL 


In vacuo . 



Payen & Peligot. 

24 C 

.... 144 ... 

..... 44*44 


20 H 

.... 20 ... 

6-17 


20 O 

.... 160 ... 

49*39 

50*09 

C 24p[20O20 

.... 324 .... 

100*00 

100*00 


Payen. 




'a. 

b. 

c . 

d 



e. 

24 

C 

.... 42*54 . 

... 43*63 

... 43*64 

.... 43*27 

.... 44*18 

20 

H 

6*22 . 

... 6*00 . 

... 6*27 

.... 6*11 

.... 6*00 

20 

O 

.... 51*24 . 

... 50*37 . 

... 50*09 

.... 50*62 

.... 49*82 

C 24 lT 20 O-° .... 

.... 100*00 . 

.. 100*00 . 

... 100*00 

.... 100*00 

.... 100*00 


a. dried at 80° ; the other products at 100° in vacuo (Payen.) 
a. and b. prepared by (1) ; c. from commercial dextrin and purified as in (1) 5 d. 
prepared from starch with cold oil of vitriol ; e. by (4). 

Decompositions. 1. Dextrin heated to 120° — 130° becomes pale 
yellow, gives off water, and acquires the smell of toasted bread ; after 
half-an-hour’s heating to 145° — 150°, it assumes a deeper yellow 
colour after an horn’s heating to 195° — 200°, it becomes reddish 
without melting or losing its transparency; at 225°, it begins to melt, 
and at 285°, it swells up strongly, turns yellowish brown, and yields 
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acetic acid, carbonic acid, carburetted hydrogen ' and other - products. 
(Guerin- Yarry). — When thrown on red-hot coals, it burns like gum 
(Bouillon-Lagrange). — 2. Treated with nitric acid , it yields oxalic acid 
(Bouillon-Lagrange, Fiirstenberg), no mucic acid (Guerin- Yarry), 
probably also saccharic acid (Gerhardt, Traite 2, 493). — 3. With nitro- 
sulphuric acid , it forms binitrodextrin (Bechamp). — 4. With oil of 
vitriol , it blackens and gives off acetic acid (Bouillon-Lagrange) ; boiled 
with 4 pts. water and 0*01 oil of vitriol, it forms glucose (Payen & 
Persoz). — It is converted into sugar by boiling with any dilute acid 
(Biot & Persoz.) — 5. It is not altered by hydrochloric acid . — 6. Heated 
to 100" for 50 or 60 hours with glacial acetic or butyric acid , it gives 
off water, and forms a small quantity of a compound analogous to or 
identical with aceto- or butyro-glucose (Berthelot, JST. Ann . Chim. 
Phys. GO, 98). — 7, Heated with aqueous bicarbonate of potash and 
iodine , it yields iodoform (Millon, Compt. rend, 21, 828 ; J. pr. Chem. 
37, 55). — 8. It is not altered by aqueous permanganate of potash (E. 
Monier, Compt. rend. 46, 425; J.pr. Chem. 73,479). — 9. Heated to 
150° in a sealed tube with strong caustic ammonia , it behaves like 
starch (p. 87), but the substance thus obtained by continuing treat- 
ment for 7 days, contains 11 p.c. nitrogen (Sehiitzenberger, Zeitschr. CL 
Pharm. 4, 66). — 10. It colours a cupric solution containing caustic potash 
blue, but does not throw down cuprous oxide from it till heated to 85°, 
and even then but slowly (Trommer, Ann. Pharm. .39, 360 ; Delffs) ; not 
even when heated (Fiirstenberg, J. pr. Chem. 31, 195). — 11. Heated 
with cinchona bases , it gives off red vaponrs which condense to a red 
liquid (Batka, Chem. Centr. 1859. 865). — 12. It does not ferment with 
water and yeast (Biot & Persoz, Guerin-Yany, Payen) ; in contact with 
water and calf's rennet, at 40°, it is converted into milk-sugar or a 
modification thereof (Fremy, J. Pharm. 25, 299). By water and dias- 
tase at 60° — 70°, it is gradually converted into sugar (Payen & Persoz), 
but only partially (Guerin-Yany). See the statements of Musculus, (p. 91). 

Combinations. With Water . Dextrin exposed to moist air absorbs 
4 at. water, of which it gives off 2 at. in vacuo at 15°, and the rest 
between 100° and 140°. (Payen.) 

It deliquesces to a syrup in air saturated with moisture, and dis- 
solves readily in water. (Biot k Persoz.) The solution is clear and 
gummy (Bouillon), glutinous (Biot k Persoz), and is precipitated by 
Water (Guerin- Yamy). For the rotatory power vid. sup. 

Aqueous dextrin does not suffer any alteration of rotatory power 
by keeping (Biot k Persoz), but loses it to a certain exteut when 
heated (Dubrunfaut, Compt. rend , 23, 43). — When kept, even out of 
contact with the air, it deposits pulverulent modified dextrin (Biot k 
Persoz) ; when frozen it deposits a powder which redissolves on thaw- 
ing (Jacquelain, Ann. Chim. Phys. 73, 187). Aqueous dextrin is not 
coloured by aqueous solution of iodine (Payen, Guerin- Yarry) ; it is 
coloured wine-red (Biot & Persoz) ; purple-red if the dextrin has been 
prepared by heating 1 pt. of starch with 5 pts. water in a Papin’s 
digester, for j to J of an hour, — not at all if prepared by heating in 
like manner for 2 hours. Also by treating starch with oxalic add and water to 
130° for an hour, neutralising the solution with chalk, and repeatedly precipitating the 
dextrin from its solution by alcohol, a dextrin is obtained which is coloured purple-red 
by iodine-water, whereas the dextrin obtained by beating in like manner for 2 hours is 
not coloured by iodine-water. (Jacquelain, Am. CMm.Phys. 73, 187 ; see also Delffs, 
Fogy. 109, 648.) 
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With Metallic oxides, — Metallic oxides insoluble in water generally 
dissolve, as double compounds, in aqueous dextrin, in presence of a 
slight excess of potash. 

Barium-compound. — Precipitated from a solution of dextrin in alcohol 
of 56 p. c., or of wood spirit 50 p. c., saturated at 24°, on addition of a 
nearly saturated solution of hydrate of baryta in wood-spirit. The 
precipitate is washed with weak wood-spirit, and dried in vacuo or in 
ah free from carbonic acid. (Payen.) The aqueous solution of dex- 
trin prepared by roasting precipitates baryta- water ; that which is 
prepared with sulphuric acid or malt does not. (Delffs.) 

Payen. 

2 BaO 153 .... 29-9 31*8 

C 24 H 1S 0 1S 306 .... 70*1 

C^H^Ba^O 20 459 .... 100*00 

Lead-compound. — • The solution of dextrin in water or weak spirit 
is not precipitated by either neutral or basic acetate of lead. (Payen.) 
Basic acetate of lead added in excess to a very concentrated solution 
of dextrin, throws down a gelatinous precipitate. (Stadeler, Ann. 
Pharm. Ill, 26.) A solution of basic acetate of lead is precipitated by dextrin 
prepared with malt, but not by dextrin prepared from starch by roasting or hy the 
action of sulphuric acid. (Delffs, Pogg. 109, 648.) 

a. Basic. A solution of dextrin is poured into an excess of an am- 
moniacal solution of neutral acetate of lead, and the precipitate is 
washed and dried at 50° in vacuo. Loosely coherent white powder, 
which, when heated in vacuo to 180°, gives off water and turns 
yellow. Soluble in acetic acid. (Payen.) 


Payen. 

In vacuo. at 50°. at 80°. 

24 C 144-0 .... 19*1 .... 38*5 .... 19*0 

18 H 18*0 ... 2*4 .... 2*7 .... 2*4 

18 O 144*0 .... 19*2 .... 21*0 .... 19'4 

4 PbO 446*8 .... 59-3 .... 57*8 .... 59*2 


C 24 H ls Pb 2 O 20 ,2PbO .... 752*8 .... 100*0 .... 100*0 .... 100*0 


h. Bibasic. A cold solution of neutral acetate of lead mixed with 
ammonia is added by drops to an excess of a warm solution of dextrin, 
till the precipitate, which at first disappears on stirring, encloses 
about half the dextrin present. This precipitate is washed in an appa- 
ratus which protects it from the action of carbonic acid, and dissolved 
with aid of heat (in acetic acid? Kr.); the solution evaporated in a 
retort till the boiling point rises to 115°, then cooled, and precipitated 
with excess of ammonia ; and the precipitate is collected, washed and 
dried. (Payen.) 

at 100°# Payen. 

2PbO 223*4 42*2 40*1 

C 24 H 18 0 ls 306*0 57*8 

C^H^Pb'-Q 20 .... 529*4 . .. ” 100*0 

c. Add t If the liquid which remains after precipitation of b be 
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mixed with alcohol, the resulting precipitate contains 10*17 per cent, 
of lead, (Payen.) 

An aqueous solution of dextrin is not precipitated by ferrous sul- 
phate (Payen) ; it does not decolorise aqueous ferricyanide of potassium 
mixed with -J- pt. hydrate of potash, even on boiling (Gentele, I)ingl. 
152, 68) ; neither does it precipitate mercurous nitrate or protochloride of 
tin, (Payen). Dextrin prepared with malt or by roasting throws down, white precipi- 
tate from mercurous nitrate, that which is prepared with dilute sulphuric acid does not. 
(Delffs, Pogg. 109, 648.) 

Aqueous dextrin dissolves glucose ; the solution reduces a cupric solution containing 
potash, without previous blueing (Ventzke, J. pr. C/iem. 25, 81). 

Dextrin is insoluble in alcohol of sp. gr. 0*837 or 0*88 either 
cold or boiling, but abstracts from it at the boiling heat a certain 
quantity of water, and softens. When covered with 1000 pts. of 
alcohol of sp. gr. 0*91, it does not dissolve completely even on boiling, 
but the same alcohol in contact with a larger quantity of dextrin, dis- 
solves the greater part of it at the boiling heat, amounting to 3 p. c. 
of its own weight, and deposits it partly again on cooling, so that 
after six days the quantity still remaining in solution amounts to y%- 
per cent, of the alcohol. 

According to Payen, it dissolves readily in alcohol of 30 p. c., less 
easily in alcohol of 45, not at all in alcohol of 80 p. c., and is precipi- 
tated as a syrup by alcohol of 84 p. c. from its solution in weaker 
alcohol. — Anthon found that when dextrin prepared with malt was 
boiled with 143 pts. alcohol of sp. gr. 0*95, the whole dissolved, hut 
half of it separated on cooling, whereas the same dextrin boiled with 
3 pts. alcohol, likewise dissolved and separated on cooling, to such an 
extent only that 19 per cent, remained in solution. Hence Anthon 
regards this dextrin as decomposible by alcohol of sp. gr. 0*95 
and the portion which separates on cooling as different from that 
which remains dissolved. 

Dextrin is soluble in metkylic alcohol . — The solution mixed with an 
equal quantity of water is not precipitated by common alcohol of 56 
per cent. (Payen.) 

Insoluble in ether, (Guerin- Varry.) 


Appendix to Dextrin . 

1. Pyrodextrin. 

Gelis (1857). F. Ann. Chim. Phys. 52, 388 ; N. J. Pharm. 33, 405; 
abstr. Compt. rend. 45, 991 ; Chem. Centr. 1858, 164. 

Formation and Preparation. By the roasting of starch (appearing, 
Indeed, to be the only coloured substance thereby produced), of cereal 
grains, potatoes, maize, or coffee. — Starch Is heated, with constant 
stirring, in an open vessel strongly heated on one side, fresh portions 
being continually brought in contact with the hot part, till it is free 
from adhering water, swells up strongly, gives off pungent vapours, 
and sinters together, so that it is easily separated from the hot 
bottom of the vessel. It is dissolved in hot water ; the clear filtrate 
evaporated, and the residue dried and heated by small portions in an 
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air-bath to 220° — ■ 230°, to complete the roasting’. The spongy pro- 
duct thus obtained is purified, especially from _ adhering dextrin, by 
repeatedly dissolving it in water and precipitating the solution with 
alcohol, as long as dark flakes continue to separate — or, in presence 
of a large quantity of dextrin, by precipitating the aqueous solution 
with excess of baryta- water containing alcohol, washing the resulting 
precipitate with weak spirit, pouring upon it a quantity of sulphuric 
acid sufficient to decompose it, filtering the liquid to remove sulphate 
of baryta, and precipitating* the filtrate with alcohol. The pyrodextrin, 
which separates in the form of syrup, is dissolved in a small quantity 
of water, the filtrate evaporated over the water-bath, and the residue 
dried at 140°. 

Properties. Solid, brown, friable mass, shining and tough when 
moist. Inodorous and tasteless. 


Gelis. 
at 1G0°. 


96 C 

576 .... 

46*37 .... 

45*71 

74 H 

74 .... 

5*95 .... 

6*20 

74 0 

592 ... 

47*68 ... 

..... 48*09 

C 96 H“ 4 0 74 

1242 ... 

..... 100*00 ... 

100*00 


According to Gelis, it is C^H^CF = 4C^H 9 0 9 + HO. 


Decompositions . 1. Hemains unaltered at 210°— 220°, but decom- 

poses at a higher temperature ; takes fire with difficulty, and leaves a 
hard, coherent, slowly-burning cinder. — 2. Treated with nitric acid, it 
yields oxalic acid. — 3. By oil of vitriol or strong hydrochloric acid y it is 
converted into a sparingly soluble brown powder ; dilute sulphuric or 
hydrochloric acid alters it but very slowly, even when heated. — 4. It 
reduces cuprous oxide from an alkaline solution of cupric oxide , and from 
solutions of gold- and A-er-salts, it reduces the metals. 

Combinations. Pyrodextrin when exposed to the air takes up 3 at. 
water, and afterwards dissolves readily in water forming* a brown 
adhesive gum. 

Aqueous pyrodextrin is not coloured purple-red by iodine (like dex- 
trin), but is decolorised by moist hydrate of alumina. 

Barium-compound . — Obtained by precipitating aqueous pyrodextrin 
with baryta- water, washing the precipitate with weak, alcohol, and 
drying it in a space free from carbonic acid. Sparingly soluble in 
water, soluble in glacial acetic acid. 


Gfrlis. 

96 C 576 .... 37*64 .... 36*92 

72 H 72 .... 4*70 .... 4*90 

72 O 576 .... 37*64 .... 37*98 

4 BaO 306*4 .... 20*02 .... 20*20 


C 96 H^Ba 4 0" 6 1530*4 .... 100*00 100*00 


Bead-compounds. Pyrodextrin forms several compounds with oxide 
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of lead. The neutral compound is obtained by mixing aqueous solu- 
tions of pyrodextrin and neutral acetate of lead, and precipitating the 
mixture with absolute alcohol, or better, by precipitating a concen- 
trated aqueous solution of pyrodextrin with excess of neutral acetate of 
lead dissolved in alcohol; dissolving the black semifluid precipitate 
several times in water and precipitating with alcohol; and lastly, 
evaporating the aqueous solution of the salt so purified, first on a 
water-bath, then in a drying-oven. 

Very soluble in water, easily precipitated therefrom by alcohol. 
Not affected by the carbonic acid of the air. 


Gelis. 

96 C 576-0 .... 39-81 .... 39*09 

72 H 72-0 .... 4-97 .... 5-21 

72 O 576-0 .... 39 81 .... 40*50 

2 PbO 223*4 .... 15-41 .... 15*20 


1447*4 .... 100*00 .... 100*00 


Pyrodextrin is sparingly soluble in alcohol of 22 p. c. ; insoluble in 
absolute alcohol and in ether . (Gelis.) 


Carbo-hydrates C l2 H ll 0 11 . 

The extensive group of amorphous vegetable substances, formerly 
designated by the common name of gum , which form with water a 
viscid and glutinous solution, and are precipitated or coagulated by 
alcohol, has been separated by Fourcroy, Thomson, Guerin- Varry, and 
others, into several smaller groups, each of which however includes a 
number of bodies differing from one another in origin or in mode of 
formation. In the majority of cases, the existing* observations are not 
sufficient to enable us to decide with certainty on the identity or 
difference of the individual members of these groups, especially as the 
great mass of observations have hitherto been made on the gums as 
they occur in nature (mixtures of several distinct gums or containing 
inorganic impurities). On the authority of the researches of Neubauer, 
Fremy, and others, the following substances are here treated as 
definite chemical compounds : 1. Arabic acid, with reference to the 
researches on gum-arabic. — 2. Metagummic acid , including cherry 
tree gum. (Guerin- Yarry’s Cerasin.) — 3. Bassorin, — 4. Vegetable 
mucus , regarded by most authors as identical with bassorin, but differ- 
ing therefrom in its mode of occurrence in a manner which renders it 
probable that the two are chemically different. 

Fourcroy distinguished Gum-arabic, Gomme du pays , and Gum-tra- 
gacanth without however precisely characterising these divisions. — 
Thomson (in his “ System of Chemistry,” 4, 21), made four divisions : 
1. Gum , in which term he included gum-arabic, gum- Senegal, and the 
gum of Stertulia urens , precipitable by solution of silica. — 2. Mucilage, 
including that from linseed, quinces, and marsh-mallow roots, not pre- 
cipitable by solution of silica (Guerin-Varry). — 3. Cef'asin, including 
the gums indigenous in Europe. — 4. Gum-tragacanth . — Vatiquelin 
made a special division for Bassorin, on account of its insolubility in 
water. — Dextrin and other products resulting from the decomposition 
VOL. xv. o 
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of starch and woody-fibre, were formerly classed among the gums, till 
Biot distinguished dextrin therefrom, on account of its action on 
polarised light. 

Guerin-' Varry regards as characteristic of giun, the capability of 
forming mucic acid with nitric acid. His classification distinguishes : 
1. Arabin, soluble in water. — 2. Bassorin , insoluble in water. — 
3. Ceram , likewise insoluble in water, but converted into arabin by 
boiling with water. Guibourt distinguishes several subdivisions. 
Berzelius (Lehrkich, 3 AufL 6, 396) distinguished two classes of gums : 
1. True gum, soluble in water, either cold or boiling, to a thick, glutin- 
ous liquid, insoluble in alcohol, precipitable by basic lead-salts, but 
not by tincture of galls, mostly converted by nitric acid into mucic acid. 
— 2. Vegetable mucus , perfectly insoluble in cold, soluble for the most 
part in boiling water, in which it swells up to a thick mucilage, not pre- 
cipitable by solution of borax or tincture of galls. 

Gum-arabic was shown by Neubauer to consist of the potash- and 
lime-salts of a peculiar substance, arabin (arabic acid, according to Hek- 
meljer), either of acid nature or related to the acids. Arabin is C 13 II u 0 u 
or C 24 H 23 0 22 , and is capable of forming with lime a compound identical 
with gum-arabic. Neubauer observed that arabin after drying merely 
swells up in water without dissolving, but that its solubility is restored 
by addition of bases. Gum-arabic undergoes a similar alteration when 
its highly concentrated aqueous solution is poured upon the surface of oil 
of vitriol, or when it is roasted with oxalic acid (Fremy), or heated for 
some time to 1.50° (Gelis), being converted, by the former treatment, 
into Fremy’s metagummic acid ; by the latter into Fremy’s metagum- 
mate of lime, Gelis’s artificial cerasin. The portion of cherry tree gum 
(Guerin- Varry’s cerasin), which is insoluble in water, is, according to 
Fremy and Gelis, metagummate of lime, and, like that substance, con- 
vertible into gummate of lime. The portions of Bassora gum, insolu- 
ble in water, yield, under the influence of alkalis, a product different 
from gummate of lime, but likewise soluble in water. (Fremy.) 


Arabic Acid and Gum-arabic. 

C“H“O n or C 24 H 22 0 23 . 


Cruirshaxk. Scher. J. 3, 289. 

Bostock. X. Geld. 8, 573, 

Vauquelix. Ann, . Chun, 6, 178; 54, 312; 80, 31 6.— Bull Pham. 
3, 49. 

Pfaff. System d. Mat . mecl, 1, 102. 

Berzelius. Ann. Chim. 95, 77. 

Trommsdorff. A r . Tv. 22, 2, 254. 

Guerik-Yarry. Ann. CMm . Plugs. 49, 248; Sclav. 65, 220 ; A r . Tr. 26, 
2, 155; abstr. Pogg. 29, 50; Bevz. Jahresb. 13, 276. — Ann Chun . 
Phys. 51, 222. 

Biot&Persoz. Ann. Chim. Phys. 52, 85; Por/ff. 32, 160; Schw. 68, 
163 ; abstr. Ann . Pharm. 6, 210. 

Guibourt. J. clum. med . 8, 419 ; Ann. Pharm. 9, 221. 

Muluer, Bull de Neerlande, 1838, 167 ; abstr. J. Clmu 16, 244. 
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Herberger. Pepert 47, 19 ; Pharm. Centr. 1834, 193. 

Lassaigxe. J. chim. med. 18, 416 and 821 ; abstr. Bevz. Jahresb. 23, 381. 
Buchner. Ann. Pharm. 45, 89. 

Schmidt. Ann . Pharm. 51, 29. 

Neubauer. J.pr. Chem. 62, 193; abstr. Pharm. Centr. 1854, 637. — 
Ann. Pharm. 102, 105 ; abstr. J. pr. Chem. 71, 255 ; Chem. Centr. 
1857, 590. 

Ludwig. A 7 . Br. Arch. 82, 33, and 153 ; abstr. Chem. Centr. 1855, 376. 
A. Gelis. Compt. rend. 44, 144; N. J. Pharm. 31, 216 ; J. pr. Chem. 

71, 378 ; abstr. A 7 Br. Arch. 96, 192. 

Hekmeljer. Scheik. Verhandl. en Onderzoeh. 2, 2, 167 ; abstr. Popp's 
Jahresber. 1858, 482. 

E. Fremy. Compt. rend. 50, 124; JSC J. Pharm. 37, 81; abstr. Chem. 
Centr . I860, 607. 

Vegetable gum. Pjlanzengummi. Gonune, Muqueux . Gurnmic acid (Fremy). 
Arabin (Neubauerj. 

Sources. — In tlie vegetable arid animal kingdoms, in the former 
universally diffused, as contents of the cells, or as secretion in the 
gum-ducts, from which, as they burst, the gum exudes and slowly dries 
and hardens on the bark. It forms the gum-arabic or gnm-senegal 
of commerce, which exudes from various species of acacia growing in 
Arabia, Egypt, and other countries. 

The following plants contain gum which, however, is only partially 
identical with gum-arabic. The roots of Anacyclus Pyrethrum 
(Phytochem, 6 6) A' Bryonia alba (Schwerdfeger, Jahrb . pr. Pharm. 7, 287) ; 
Cephalis Ipecacuanha (Willigk, Wien. Akad. Ber. 5, 190); Pumex acutus 
(Bley, Ah Tr. 25, 2, 68) ; Typha angvstifolia , especially in spring 
(Lecocq, J. Pharm. 14, 221) ; Valeriana officinalis (Trommsdorff, N. Tr. 
18, 1, 3); the bulbs of Colchicum autumnale (Pelletier & Caventou, 
Ann. Chim . Phys. 14, 69). The root-stocks of Asplenium Jilix foemina 
(Bock, N. Br. Arch. 65, 257) ; Polypodmm vulgare (Desfosses, J. Phann. 
14, 246); Veratrum album (Pelletier & Caventou, Ann. Chim. Phys. 14, 
69). — In the herb of Ccdluna vulgaris (Bley, Pepert. 15, 329); the 
bark of various species of Cinchona (Reichardt, Reichel, Phytochem. 50) ; 
in Cinchona nova (Pelletier & Caventou, Winckler; Hlasiwetz, Ann. 
Pharm . 79, 142) ; Groton Elateria (Duval, Phytochem , 23) ; Salix alba 
(Pelletier & Caventou, J. Pharm. 7, 123; Pepert. 12, 213); Sambucus 
nigra (Kramer, A 7 . Br. Arch. 43, 20) ; Su'ietenia febrifuga (Overbeck, 
N. Br. Arch. 68, 271). — The leaves of Ampelopsis hederacea (Wittstein, 
Pepert. 46, 317) ; Calendula officinalis (Geiger, Diss. de Calend. off. 
Heidelberg, 1818); Taxus baccata (Peretti, J. Pharm. 14, 537). The 
leaf -buds of Populus nigra (Pellerin, J. Pharm. 8, 425; A 7 . Tr. 7, 1, 
390). — The flowers of Calendula officinalis (Geiger, loc. cit . ); Tiliaf 
(Marggraf, Pfaff Mat. med. 4, 92) ; Tropmlum majus (Muller, Ann. 
Pharm . 25, 207) ; the honey-dew of Tilia parvi folia, in smaller quan- 
tity that of T. grandijlora (Riegel, Jahrb . pr. Pharm. 14, 155); Crocus 
(saffron) (Aschoff, JBerl. Jahrb. 1818, 142). — The fruit of Areca 
Catechu (Morin, J. Pharm. 81, 449); Musa paradisiaca (Boussingault, 
Phytochem. 84) ; Anassia sativa (Adet, Seller. J * 1, 663) ; Pyrus malus 


* This and the corresponding references in the following pages, are to Rochleder's 
f< Phytochemie in the German edition of Gmelin’s Handbuch, ■vol. viii. 
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(Berard, Phjtochem . 17) ; Biibus fmticosus (Lupp, Ann. Pharm, 101, 219) ; 
the unripe fruit of Citrus Aurantkm (Lebreton, J. Pharm. 14, 377); 
the ripe berries of Lonicera Xyhsteum (Enz, Pharm, VierteJj. 5, 196) ; 
Juniperus communis (Witting*, X. Br. Arch. 91, 290) ; Vitis vim - 
fera (Proust, iV. GehL 2, 93; Berard).— The seed of Amomum Grann 
Paradisi (Sandrock, N. Br. Arch. 73, 18) ; Croton Tiglium (Pelletier & 
Caventou, Phytochem. 23); Ilurci crepitans (Bonastre, J. Pharm. 10, 
479) ; lgnatia amara (Pelletier & Caventon, Ann. Chim . Phys. 10, 147) 
Piicinus communis (Geiger, N. Tr . 2, 2, 173); Piper nigrum (Pelletier, 
Ann. Chim. Phys. 10, 337); rice (Braeonnot, Ann. Chim . P/e/s. 4, 7G); 
the seed of Schoenocaulon officinale (Pelletier & Caventon, Ann. Chim. 
Phys. 14, 69); maize (Stepf, J. pr. Cliem. 76, 88). 

Gum forms part of the exuded and hardened juice of the stems 
of acacia, apricot, cherry, almond, peach, and plum trees, of the juice 
of the lime tree (Riegel) ; of the juice of mangold-mirzel (Kircher, 
Ann. Pharm. 31, 337) ; of the juice of Rosa rubrifolia (Addams, Phyto - 
chem. 16); of the milky juice of Ficus elastica (Nees v. Esenbeck & 
Marquart, Ann. Pharm . 14, 42) ; Galactodendron utile (Solly, Phytochem. 
75); Platanus occidentalis (John, Chem. Schrift. 4, 7); Lactuca virosa 
(Pfaff & Link, Mat. med. 6, 501) ; hence it is also found in swollen and 
hardened milky juice, the gum-resins of commerce, together with resin, 
as in lactucarium (Walz, Ann. Pharm. 32, 85), asafoetida (Hlasiwetz, 
Ann. Pharm . 71, 23), myrrh, incense, sandarach, &c. Olibanum, also 
a gum-resin, contains a gum agreeing in properties with arabin. 
(Hekmeljer). —It occurs in gall-nuts (Guibourt, Ann. Pharm. 48, 359) ; 
in tbe manna of Eucalyptus dumosa (Anderson, JV. Ed. Phil J. 47, 132 ; 
J. pr. Chem. 47, 449); in trehala. (Guibourt, Compt. rend. 46, 1213). 

Ulceolaria escidenta (Kirchhoff, Phytochem . 95), Lecanora Parella 
(Sclrimck, Ann. Pharm . 54, 257), and Parmelia parietina (Herberger, 
Pepert. 47, 179) contain gum. 

Enumeration of Gums , whose preparation and behaviour with various re-agents are 
described in the following places I, Gum-acajou, the dried juice of Anacardium 
occidentals (TrommsdorfF, A r . Tr. 22, 2, 254 ; Ludwig, N. Br. Arch . 82, 33). 
— 2. Gum Ammoniacum (Braeonnot, Ann. Chim. 68, 73). — 3. From Valerian 
stalks (Bracconot, Ann. Chim. 70, 288). — 4. Gum-bdellium (Pelletier, Schw. 
5, 248). — 5. From the seeds of the Baobab tree, Adansonia digitata (Vauquelin, 
Schw. 35, 45). — 6. From Catechu ( Pfaff Sgst. d. Mat. med. 2, 189). — 7. Gum- 
embavi (Ludwig, N. Br. Arch. 82, 33; Gruner, Pharm. Centr . 1851, 352). — 
8. From Gentian roots, Gentiana luiea (Braeonnot, J. Phys. 84, 346). — 9. From 
Geoffroya bark (Huttenschmul, Phytochem, 8). — 10. From Stag’s morel (Biltz, N . Tr, 
11,2, 3). — 11. From the bulb and leaves of the hyacinth (Bostock, N. Geld. 8, 573 ; 
Leroux, Scher. J. 7, 212; John, Chem. Schrift , 6, 14). — 12. From Maize (Stepf, 
J. pr. Chem . 76, 92). — 13. From Misietoe-berries (Henry, Phytochem. 47). — 14. 
From Myrrh (Pelletier, Schw. 5, 254 ; Braeonnot, Ann. Chim. 68, 55 ; Hekmeljer 
Scheik. Verhandl. 22, 167). — 15. Gum-opoponax {Pelletier, Schw. 5, 259). — 
16. Persian gum (Martius, Ann. Pharm. 21, 63). — 17. From Spanish pepper 
(Braeonnot). — 18. From Rosewood (Guibourt, Ann. Pharm. 9, 227).' — 19. From 
Saponaria-root (Schrader, Schw. 9, 139; Braeonnot, J. Phys. 84, 289). — 20. From 
.Senna-leaves (Braeonnot, J. Phys. 84, 281V — 21. From the tubers of Sun-flowers 
Phytochem. 67). — 22. From Tea-leaves (Mulder, Pogg. 43, 638). — 23. From 
Centaury (Schrader, Schw. 9, 143). — 24. From Juniper-berries (Trommsdorff, 
Phytochem. 79). — 24. From Frankincense (Braeonnot, Ann. Chim. 68, '63 ; Hekmeljer, 

■ Scheik. Verhandl. 2 t 2,l& 7)- — 25. From Bryony {Phytochem. 37; Brandes 8c Firn- 
liaber, N, Br. Arch, 3, 351). 

A few of the somewhat better known gums are added as an Appendix. 

In the Animal Kingdom. — Cockchafers, silk-worms, and the liver and 
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gills of tlic craw-hsh contain a gum agreeing in its properties with 
arabin. (Stadeler, Ann. PJwrm. Ill, 20.) 

Formation. From the isomeric loch/, Metagummic acid. — 1. By bringing 
this substance in contact 'with aqueous alkalis or alkaline earths. (Neu- 
bauer, Fremy). —2. By boiling metagummate of lime with water (Gelis) ; 
hence also the insoluble part of cherry tree gum is rendered soluble by 
prolonged boiling with water (Guerin- Tarry), more quickly with 
aqueous alkaline carbonates. (Fremy.) On the formation of gum by the 
lactic acid fermentation of cane-sugar, according to BenscVs process (xi, 475), see 
Cane-sugar ; on the formation of gum by the decomposition of tannic acid, see that 
substance. — Hofmann obtained a gum agreeing with gum-arabic, by the spontaneous 
decomposition of pyroxylin (p. 1 75). Gum is formed by the continued boiling of sea- 
weed mucilage with dilute sulphuric acid. {Ed. Phil J. 26, 409.) 

Preparation. From Gum-arabic. A solution of gum prepared with 
cold water and as concentrated as possible is mixed with sufficient 
hydrochloric acid to produce a strong acid re-action, and precipitated with 
alcohol: the precipitate is washed with alcohol, dissolved in water 
containing hydrochloric acid, and again precipitated with alcohol: and 
the resulting* precipitate is washed with alcohol till all the hydrochloric 
acid is removed. (Neubauer). — < jf. A strong solution of gum, mixed 
with 4 or 5 p. c. of hydrochloric acid, is subjected to dialysis until it 
no longer gives a precipitate with nitrate of silver. — in operating with a 
20 p, c. solution of gum, the proportion of ash can be reduced in this way to 0*1 p. c. 

in 5 days. — (Graham, Phil . Trans. 1861, p. 214, Chem. Soc. J. 15, 257; 
Ann . Pharm. 121, 53.) f . 

Properties . In the moist state, a milk-white amorphous mass, which 
becomes glassy and transparent when dry. Beddens litmus. (Neu- 
bauer). Its power to redden litmus is comparable to that of carbonic 
acid ; 100 pts. arabic acid is neutralised by 2*85 pts. potash. (Graham.) 
Gum-arabic possesses kevo -rotatory power (Biot & Persoz) ; for pure 
gum (?), [a] = 36° to the left. (Bechamp, Compt . rend. 51, 256.) 

On the colours and figures of gum-arabic in polarised light, seeRoussin (N. J. Pharm. 

37,411) — Diffusive power, half as great as that of tannic acid, 400 
times less than that of chloride of sodium. (Graham.) 
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The analyses of the gums, with the exception of Mulder’s, were calculated according 
to the old atomic weight of carbon. — Guerin- Varry analysed gums dried yt 125°, a. 
gum-arabic, b. gum-senegal. Mulder, gums dried at 130° ; a . gum-arabic, 5. gum- 
Senegal, c. Java gum. The other analyses relate to the substance dried at 100°. 

The earlier formulae were deduced from the analyses of gum-arabic ; for air-dried 
gum, C 4 H 5 Q 4 (Ure) ; gum dried at 100°, CYH 16 0 18 (Prout), O-H^O 11 (Berzelius, 
Liebig), gum dried at 125°, C 12 H 10 O 10 (Guerin- Varry, Mulder). Gum-arabic dried at 
100° gives off 1 at. water at 120°, and is then C l ' 2 H 10 O 10 (Gelis). — On the specific 
gravity of gum-arabic, and the amount of ash which it yields, see Arabate of Lime . 

Decompositions. 1. Arabic acid, which in the moist state dissolves 
readily in water, becomes insoluble after drying at mean temperature, 
or at 100°, and, when water is poured upon it, swells up to a jelly, like 
frog-spawn. (Neubauer, Graham.) Doubtless in consequence of the forma- 
tion of metagummic acid (Kr.). Gum-arabic dried at 120° becomes inso- 
luble, but without loss of water when heated for some time to 150° 
(Gelis), being converted into metag'ummate of lime (Fremy). Gum- 
arabic roasted with oxalic acid yields oxalate of lime and metagummic 
acid (Premy). Arabic acid heated for some time to 170°, gives off 
3*17 p. c. of its weight and turns yellowish brown (Neubauer). 

Gum-arabic turns yellow between 135° and 140°, becomes darker 
as the temperature rises, gives off, between 166° and 180°, the empy- 
reumatic odour of burnt sugar, then assumes a brown colour, and be- 
comes partially insoluble in water (Mulder). After drying at 100°, 
it loses 2*6 p. c. of its weight when heated to 150° — 177°, and turns 
brown (Prout), at the same time producing an acid. (Vaudin, J. 
Bkarm. 9, 193.) 

Gum-arabic yields by dry distillation a gaseous mixture, consisting 
of carbonic acid, hydrogen, carbonic oxide and hydrocarbons, a distil- 
late of empyreumatic acetic acid, and a residue of charcoal mixed with 
carbonate of lime, and a little phosphate (Cruikshank). 100 pts. gum 
jrield 53*9 pts. of a thick brown distillate less acid than that obtained 
from sugar, and leave 28*6 pts. of charcoal and ash. (Yauquelin, Bull. 
Fharm . 3, 49.) 

2. When dry air at 14° is passed over gum-arabic, a large quan- 
tity of carbonic acid is formed. (Karsten, Berl. Akad. Ber. Jan. 1860 ; 
J.pr. Chem. 79. 226.) 

3. The aqueous solution of gum turns acid on standing (only when 
air has access to it, according to Guerin-Varry), and after a very long* 
time produces a peculiar sugar, which turns the plane of polarisation 
of a luminous ray to the right, -} less than grape-sugar, and does not 
form mucic acid with nitric acid (Fermond. Berthelot Chim. org . 2, 250). 
According to Maumene (Compt. rend. 39, 914; J. pr. Chern. 64, 147) it 
does not change either at ordinary or at higher temperatures, and pre- 
serves its rotatory power unaltered for months. 

4. When oil of vitriol is covered with a layer of very strong solution 
of gum, the gum, after standing for some hours, is completely con- 
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verted into metagummic acid. (Fremy.) Gum-arabic previously freed 
from lime by oxalic- acid is not converted into metagummic acid under 
these circumstances (Fremy). — ■ When pulverised gum-arabic is tritu- 
rated with oil of vitriol, it becomes coloured, after some hours ; and on 
diluting with water, neutralising with chalk, then filtering the solu- 
tion, and evaporating, sulphogummic acid remains, together with a 
peculiar gum resembling that which is produced from linen by the 
action of sulphuric acid (Braconnot), and not capable of fermenting 
with yeast (Guerin-Yarry). Gum heated with oil of vitriol, becomes 
carbonised, and forms water together with traces of acetic acid (Proust, 
A. Geld . 3, 43), artificial tannin (Hatchett), and malic acid (Link). 

The aqueous solution of gum-arabic, when left to stand for some 
tune in contact with dilute sulphuric acid; loses its Isevo-rotatory 
power — more quickly when heated or boiled with the acid — and, if the 
temperature be gradually raised to 96 3 , quickly acquires dextro-rota- 
tory power, which remains unaltered after prolonged boiling. At the 
moment when the rotatory power changes from left to right, the 
solution contains gum-dextrin, precipitable by alcohol, resembling gum- 
arabic when dry, yielding mucic acid with nitric acid ; but after boiling 
for some time, it is no longer precipitable by alcohol, and then con- 
tains a fermentable sugar (Biot & Persoz) ; probably identical with 
galactose, the product obtained from milk-sugar by the action of acids. 
(Berthelot, Cl dm. org. 2, 219.) 

The acid mixture cf gum-mucilage and dilute sulphuric acid, if left 
to cool before it ceases to be precipitable by alcohol, deposits flocks 
containing gum- dextrin mixed with gypsum. If the former be re- 
moved by washing with acidulated water, and the latter by boiling 
with dilute soda-solution and subsequent washing* with acidulated 
water, the flocks dissolve at the moment when all the acid is removed, 
forming an optically inactive mucilage. (Biot & Persoz, 'Ann. Clam . 
Phjs. 2, 249.) 

5. When gum-arabic is heated with water, bicarbonate of potash, 
and iodine, iodoform is produced. (Millon, Comjpt. rend. 21, 828 ; J. 
jpn Chem . 37, 53.) Iodine does not colour gum-arabic (Ludwig); 
aqueous iodic acid decomposes it at the boiling heat. 

6. Powdered gum absorbs chlorine gas , with evolution of carbonic 
acid, tinning brown and deliquescing to a compound of decomposed 
gum, with hydrochloric acid. (Bouiflon-Lagrange & Vogel.) — Gum 
re-acts with chlorine, either moist or dry, exactly like starch (p. 83), 
(Liebig). Chlorine gas passed through the aqueous solution, appears 
to form citric acid (V auquelin). Guerin-Y any and Simonin were not 
able to find this acid. — When chlorine gas is passed for some time 
through a dilute solution of gum, the liquid, after standing for some 
time, deposits white flocks, which have an acid re-action, even after 
washing, smell like chlorine, and contain chlorine, nitrogen, and gum 
(Guerin- Varry). When a gym-solution saturated by the prolonged 
passage of chlorine is neutralised with chalk, and the filtrate evapo- 
rated to a syrup is mixed with alcohol, a pasty lime-salt soluble in 
water is precipitated, whereas on supersaturating with hydrate of 
lime, an insoluble lime-salt is obtained. The latter, decomposed with 
sulphuric acid, yields a peculiar, non-crystalllsable acid, whose solution 
is precipitated by neutral acetate of lead, but not by nitrate of silver. 
(Simonin, Ann. Chim. Fhys. 50, 319.) 
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7. Powdered gum absorbs kyrocMoric acid gas and deliquesces 
to a soft brown mass, from wliich sulphuric acid eliminates hydro- 
chloric acid. (Bouillon-Lagrange & Vogel.) Fuming hydrochloric 
acid dissolves gum with brown colour, and separates carbonic 
acid on cooling. The solution, after being neutralised with ammonia, 
leaves on evaporation a residue which is soluble in alcohol, melts when 
heated, and smells like burnt sugar. (Fourcroy.) 

8. Gram immersed in fuming nitric acid is converted into xyloidin 
(Braconnot), nitro-gum (Bechamp); when immersed in nitrosulphuric 
acid , it is converted into an explosive substance resembling pyroxylin 
(Flores-Pomonte & Menard, Svanberg) ; into binitro-gum (Bechamp.) 
— Gum heated with moderately concentrated nitric acid, is decom- 
posed, with formation of mucic acid (Fourcroy &Yauquelin), saccharic 
acid (Guerin- Yarry), oxalic and tartaric acids. (Liebig, Ann. Pkarm. 
113, 4.) 

a. When 1 pt. gum is triturated in a cooled mortar with 3 pts. 
fuming nitric acid, and after complete solution, the still gummy liquid 
is diluted with 20—30 pts. water, a precipitate is formed consisting of 
dextro-rotatory nitro-gum C 12 H 9 0 9 ,N0 5 , which, after washing and 
drying, cakes together into a homy mass, and dissolves in alcohol of 
00 p. c., whence it is obtained as a white mass wliich becomes electric 
by friction. (Bechamp.) — When a solution of 1 pt. gum in 5 pts. 
fuming nitric acid is precipitated by 3 pts. oil of vitriol, and the cake is 
comminuted and suspended in 20 — 30 vols. water, a hard precipitate is 
obtained which remains pulverulent after drying, and yields to alcohol 
95 p. c. of dextro-rotatory binitro-gum, C 12 H 8 0 8 ,2N0 4 , whilst another 
compound remains dissolved. (Bechamp, Compt . rend. 51, 256. — See 
also Flores-Domonte & Menard, Compt. rend. 24, 89; N. J. Pkarm. 12, 159;— Svan- 
berg, Berzel. Jahresber , 27, 394; — Reinsch, Jakrb.pr. Pkarm . 481, 102.) 

5. Gum-arabic heated with an equal weight of nitric acid of sp. gr. 
1*34 is but partially decomposed; with two parts of the acid, it is de- 1 
composed, with formation of saccharic acid ; heated with 4 pts. nitricl 
acid, it yields 16*88 p. c. mucic acid and a small quantity of oxalic acid ; \ 
with 6 pts. or more of nitric acid, a smaller quantity of mucic but a 
larger quantity of oxalic acid is obtained. (Guerin- Yarry.) Respecting 
the formation of tartaric acid, see Milk-sugar. The saccharic acid produced at the 
same time (xi. 513) was formerly mistaken for malic acid. — Gum-arabic, which is 
lmvo-rotatoxy, becomes dextro-rotatory under the influence of nitric 
acid (and indeed by the action of dilute acids in general), this power, 
however, becoming weaker as the oxidising action of the nitric acid, and 
the formation of mucic acid begin and advance. The liquid now acquires 
lawo-rotatory power equal to that which the gum-arabic originally 
possessed, then exhibits indications of the presence of oxalic acid, and 
again loses part of its 3 k vo-rotatory power, without however becoming 
quite inactive, inasmuch as a Revo-rotatory substance remains dissolved 
in the mother liquors. Hence the mucic acid appears to be formed 
from a dextro-rotatory, the oxalic acid from a lsevo-rotatory substance 
contained in the gum. (Dubrunfaut, Compt. rend . 42, 232.) 

9, Gum heated in sealed tubes with bromine, yields a colourless 

or. yellowish liquid, probably C 12 H 10 0 10 Br 2 , which, when treated with 
oxide of silver, oxide of lead, or caustic soda, is converted into 
isoMglycoletkylemc acid C 12 H 10 O 12 . (Barth & Hlasiwetz : see p. 232). 
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10. By gaseous fluoride of boron gum is slowly liquefied, without 
blackening'. (Bcrthelot, X. Ann. CMm. Phys . 38, 38.) — 11. Gum on 
which warm aqueous arsenious acid is poured, turns brown, perhaps with 
formation of sugar. (Baumann, X Br. Arch 87, 50.) — 12. Heated 
for some time with aqueous osmic acid , it yields oxalic acid, probably 
also acetic acid, and a substance precipitable by basic acetate of lead. 
(Buttlerow, J.p?\ Chem . 5G, 276.) 

13. Gum heated to 150° with aqueous ammonia , is converted into a 
brown nitrogenous mass, resembling that which is produced under 
similar circumstances, from starch (p. 87). (Schiitzenberger.) — 14. 
Heated with 4 — 5 pts. hydrate of potash and a small quantity of 
water, it is decomposed, with formation of oxalate of potash (Gay- 
Lussac), also of carbonate, formiate, acetate, and propionate of potash, 
■with the same appearances as are observed in the corresponding- 
decomposition of starch or of cane-sugar (Gottlieb ; see vii. 185 ; xv. 88 ; 
also Cane-sugar ). — 15. By the dry distillation of powdered gum with 
8 pts. quicklime , an oily distillate is produced containing' acetone (ix. 1.) 
and a small quantity of metacetone. (Fremy, Ann . CMm . Phys. 59, 6.) 

16. Aqueous gum-solution mixed with a small quantity of nitrate 
of stive?', reddens immediately in sunshine, gradually in diffused day- 
light, and gradually deposits metallic silver. (Rouchas, J. Phann . 
17, 116; X. Tr. 24, 2, 187). — 17. Aqueous ferricy ankle of potassium, 
in presence of free alkali, oxidises gum to carbonic acid and water, but 
less quickly than cane-sugar. (Wallace, Chem. Soc. Qu. J. 7, 77 ; J. p?\ 
Chem. 64, 77.) 

18. Gum-solution does not ferment in contact with yeast (Cruik- 
shank), it is not altered by the saliva or the gastric juice. (Frerichs ; 
Blondlot, Hand b. Zoochemie, viii, 577.) Gum left in contact with 
cheese and chalk in a warm place, yields alcohol and a small quantity of 
lactic acid, without previous formation of yeast, but neither mannite 
nor glycerin. (Berthelot, X. Ann. Chim. Phys . 50, 365). 

Combinations . With Water . — Air-dried gum-arabic contains water, 
which escapes in vacuo, or when the gum is heated. For further details, 
see Arabatcof Lime (p. 201). 

Moist arable acid dissolves readily in water, forming' a solution 
which is not precipitated by alcohol unless the arabic acid contains 
mineral acids or salts. A drop of nitric acid, hydrochloric acid, or 
solution of common salt added to the solution mixed with alcohol, pro- 
dices complete precipitation. (Neubauer). Similar appearances are pre- 
sented by the mucilage of Gummi arabicum election* when it is mixed with, twice its 
volume of alcohol of 76 vol. p. c. A drop of hydrochloric acid or solution of com- 
mon salt produces coagulation ; a larger quantity of either liquid dissolves the whole. 
With other sorts of gum-arabic, alcohol likewise produces coagulation which disappears 
on addition of hydrochloric acid. (Ludwig, N. Bi\ Arch . 82, 155). According to 
other statements, gum-mucilage is precipitated by alcohol, even if it contains only 
y'jj p. c. of gum. (See also Preparation of arabic acid, p. 167.) 

The aqueous solution of gum-arabic or gum-senegal is called 
Mucilage (Mucilago, Ginnmischleim ). It is more or less viscid, glutinous, 
transparent or translucent, colourless to pale yellowish brown. 100 pts. 
of water at 15° dissolve 100 pts. of g'um-arabic; at 100% from 108 to 
116 pts. (Herberger) ; of gum-senegal, 100 pts. water dissolve 72 pts. 
at 15% and 96 pts. at 100° (Herberger); according* to Guerin- Yarry, 
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18*5 pts. at 20°, and 24*14 pts. at 100°. — Mucilage is thickened by 
borates , not by free boraeic acid, or free alkali ; acids restore the 
fluidity (Schiller, Berl. Jahvb. 1808, 186 ; Buchholz, Taschenb. 1811, 288 ; 
Lambert & Gresecke, Seine. 43, 491 ; Vogel, Br.Arch . 17, 50 ; Ilcrbor- 
ger ; Ludwig), Mucilage is precipitated by sulphate of soda (Barreswil, 
A r . J. Pharm . 17, 124) ; clouded aud precipitated in white flocks by silica- 
solution. (Thomson, Herberger), not, according to Guerin-' Varry.— 
Aqueous ferric sulphate causes mucilage to coagulate to a jelly (Bra- 
connot), an effect likewise produced by ferric chloride. Gum-solution 
mixed with a small quantity of a ferric salt is not precipitated by 
alkalis. (Rose.) 

With Bases. Arabic acid unites with alkalis and alkaline earths, 
forming arabates, which are precipitated from their aqueous solutions 
by alcohol. It decomposes alkaline carbonates, and expels the carbonic 
acid. (Neubauer.) 

Arabate of Potash , Precipitated by alcohol from the solution of 
arabin in potash-ley free from carbonic acid. (Neubauer.) 


at 100°. 



Neubauer. 

36 C 

.... 216*0 .. 

... 40*52 

.... 40-24 

30 H 

.... 30*0 ., 

... 5-63 

.... 5-72 

30 0 

.... 240*0 

... 45*03 

.... 44*80 

ICO 

.... 47*2 . 

... 8*82 

.... 9*24 

SCTa^O^KO 

.... 533*2 . 

... 100*00 

.... 100*00 


So according to Neubauer, 

Submitted to dialysis, it loses potash, arabic acid remaining with 
an acid re-action. (Graham.) 

Arabate of Baryta . — From the solution of arabic acid in excess of 
baryta- water, alcohol throws down a precipitate containing 17*62 p. c. 
baryta. If excess of arabic acid is present, the precipitate contains 
from 10*93 to 11*15 p. c baryta, and dissolves in water forming a 
gummy liquid. (Neubauer.) 


at 100°. Neubauer. 

24 C 144*0 .... 36 .... 36*63 

20 H 20*0 .... 5 .... 5*16 

20 0 160*0 .... 40 .... 40*59 

BaO 76*5 .... 19 .... 17*62 

2C 12 H 10 G 10 ,BaO 400*5 .... 100 .... 100*00 


Arabate of Lime. — Gum arabic forms with lime a compound which is decomposed 
by the carbonic acid of the air (Kuhlmann, Ann. Pharm. 27, 22) and deposits pentahy. 
drated carbonate of lime. (Pelouze, Ann. Cfiim. Phys. 48, 307.) The solution exposed 
to the current of the voltaic battery deposits hydrated carbonate of lime with the same 
appearances as a solution of lime in sugar. (Becquerel, Ann. CMm. Phys. 47, 12.) 
a. When aqueous arabic acid is mixed with excess of an ammo- 
meal solution of chloride of calcium, and alcohol added, a precipi- 
tate is obtained, which after drying at 100°, has the composition 
C 12 H 10 O lo ,CaO SC 13 !! 11 !) 11 (Hekmeljer). — b. When arabic acid is boiled 
with water and excess of milk of lime, alcohol throws down from the 
strongly alkaline filtrate, a gummy precipitate which contains 8*51 p. c. 
lime and absorbs carbonic acid from the air. (Neubauer).— c. By dig- 
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solving arable acid in lime-water and precipitating with alcohol, a pre- 
cipitate is formed which contains 2*95 p. c. lime, and dissolves in 
water, forming- an alkaline mucilage. If a smaller quantity of lime- 
water be used, the precipitate contains from 2*14 to 2*55 p. c. lime, 
and has an acid or neutral re-action. 


According to ft. Neubauer. 


at 100°. 

24 C 144 .... 40-90 .... 40*45 

20 H 20 .... 5*68 .... 5*70 

20 0 1G0 .... 45*47 .... 45*34 

CaO 28 .... 7*95 .... 8*51 


2 C 12 H 10 O 10 ,CaO 352 .... 100*00 .... 100*00 

According to c. Neubauer. 

at 100°. 

72 C 432 .... 43*2 .... 43*07 

60 H 60 .... 6*0 .... 6*35 

60 O 480 .... 48*0 .... 47*63 

CaO 28 .... 2*8 .... 2*95 


6 C 12 H 10 O 10 ,CaO 1000 ....100-0 ,...100*00 


The gum-arabic and gnm-senegal of commerce consist essentially 
of arabate of lime mixed with arabate of potash ; hence when burnt, 
they leave about 3 per cent, of ash consisting for the most part of 
carbonate of potash and carbonate of lime. — Sp. gr. of gum-arabic = 
1*355 (Guerin- Varry), 1*49 (Herberger) : of gum-senegai, 1*43 (Guerin- 
Varry), 1*62 (Herberger). Reddens litmus. In the air-dried state, it 
contains from 12*4 to 17 p. c. hygroscopic water which escapes when 
the gum is heated (see also Gelis, p.198. On the composition of the ash of gum- 
arabic, see Lowenthal & Hausmann, Ann. Phami. 89, 112). Alcohol extiacts 
from gum-arabic or gum-senegal, 0*4 — 0*5 p. c. glucose. (Ludwig 
JST. Bi\ Arch. 82, 39.) 

Arabate of Lead — Basic acetate of lead added to aqueous arabin 
throws down a white precipitate which contains 30*64 p. c. oxide 
of lead, turns yellow at 100°, brown between 160° and 180°, and 
after prolonged washing, still retains 27 p. c, oxide of lead. (Neu- 
bauer.) 


at 100°. Neubauer, 

36 C 216*0 .... 30*46 .... 30*88 

30 H 30*0 .... 4*23 .... 4*33 

30 0 240*0 .... 33*85 .... 34*15 

2 PbO 223*4 .... 31*46 .... 30*64 


3 C 12 H 10 O 10 ,2PbO .... 709*4 .... 100*00 .... 100*00 


Gum-mucilage dissolves oxide of lead (Peschier, J. Pharm. 3, 509), 
forming a heavy, coherent compound (Berzelius). Gum-mucilage is 
not precipitated by neutral acetate or nitrate of lead, but the basic 
acetate or basic nitrate produces a copious white precipitate [the 
basic acetate even In very dilute solutions (Stadeler, Ann. Pharm. Ill, 
26)]. a. When the mucilage is mixed with basic acetate or nitrate of 
lead, or when nitrate of lead Is added to slightly ammoniacal mucilage 
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till the alkaline re- action disappears, but not till the whole of the gum 
is precipitated ; the curdy precipitate, which is very friable when dry, 
contains 88*25 p. c. oxide of lead (Berzelius, LeJirb. 3 Aufi. 6, 400) from 
87*0 to 88*1 p. c. (Biegel, Ah Br. Arch. 55, 155). When mucilage is 
dropped into an excess of basic acetate of lead, the precipitate, after 
drying at 130°, contains 37*27 p. c. oxide of lead, but when the 
basic acetate is added to excess of mucilage, the precipitate contains 
30*15 p. c. (Mulder.) 

Ar abate of Copper. — From an aqueous solution of arabin mixed 
with acetate of copper, alcohol throws down a precipitate of the 
formula C l0 H 10 O 10 , CuO + C 12 H n O u (Hekmeljer).— When aqueous gum- 
arabic is mixed with potash-ley, and then with sulphate of copper, a 
blue precipitate is formed, which is insoluble in pure water, and does 
not blacken even at the boiling heat. (Trommer, Ann . Pharm. 39, 360.) 

The sky-blue precipitate is permanent in the air, turns brown after 
immersion for some time in boiling water, and after drying in vacuo, 
contains 40*2 p. c. cupric oxide. (Lassaigne, /. cJiim. mod. 182, 416.) 
When gum-mucilage is mixed with a small quantity of sulphate of 
copper, then with excess of potash-ley, and slightly warmed, an azure- 
coloured" solution is formed, which remains clear and blue when 
boiled. If the gum contains sugar (which can be extracted by alcohol), 
the protoxide of copper is reduced to dioxide (Ludwig, Ah JBr . Arch . 
82, 157).— When gum-mucilage is boiled for a long time with 
aqueous cupric acetate, a brown precipitate separates, and the filtrate 
after standing for a while deposits red cuprous oxide. (Peschier, J. 
Plictrm . 3, 509.) — Gum dissolves in aqueous cuprammonia (Cramer, J. 
pr. Chem . 73, 15), and when added to a solution of cellulose in that 
liquid precipitates the cellulose completely. (Schlossberger, Ann . 
Pharm . 107, 24.) 

Gum-solution dissolves mercurous and mercuric oxide . (Peschier, J. 
Pharm . 3, 509.) It forms a white precipitate with mercurous nitrate, 
but does not precipitate mercuric salts or ter chloride of gold (Pfaff). 
It is not precipitated by infusion of galls (Pfaff). — Concentrated 
gum-mucilage is not precipitated either by indigo or by carmine . 
Maschke, J. pr. Chem . 76,47.) 

Arabic acid and gum-arabic are insoluble in alcohol and in ether. 
Alcohol frees gum-arabic from foreign substances. — Glycerin dissolves 
gum-arabic (Cap & Garot, Ah J. Pham . 26, 81). 

With Gelatin. — On mixing solutions of arabic acid and gelatin, 
oily drops are precipitated which solidify to a nearly colourless jelly 
by" standing. This compound, melts at 25°. It may be washed with 
water without decomposition, but is slightly soluble in warm water, 
more so in solution of gelatin. The oily drops and the jelly contain 
83*5 p. c. water. Prepared with excess of arabic acid, and dried at 
100°, it contained 100 pts. arabic acid to 59 pts. gelatin. Solution of 
gelatin is not precipitated by solution of unpuriiied gum, or by solu- 
tion of arabate of potash. (Graham, Phil. Trans. 1861, p. 215 5 Chem, 
Soc . Qu. J . 15, 258 5 Ann, Pham. 121, 57). IT 
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Appendix to Araik Acid and Gum. 


1. Gum from Gamboge. — When gamboge is exhausted with ether 
and absolute alcohol, the residue boiled with water, concentrated 
and precipitated by water, a gummy precipitate is obtained, which 
may be freed from colouring matter by washing with alcohol. — After 
drying at 110 3 and trituration, it forms a pale yellow powder, contain- 
ing 44*47 p. c. C., 6*16 H., and 49*37 0., therefore C I2 H 10 0 lc> . — With 
nitric acid, it yields rnueic acid, and with dilute sulphuric acid, after 
12 hours’ boiling*, a red-brown, very sweet, non-fermentable sugar. 
(Buchner, Ann . Pharm . 45, 89.) 

2. Gum from Ipecacuanha root.— The decoction of the root is freed 
from phosphoric acid by precipitation with neutral acetate of lead; the 
iiltrate is precipitated with basic acetate of lead, the washed precipi- 
tate is suspended in water and decomposed by sulphuretted hydrogen ; 
the liquid filtered from the sulphide of lead is concentrated to half its 
bulk ; and the gum is precipitated with alcohol of 98 p. c. It contains 
44*45 p. c. 0., 6*31 H., and 49*24 0. (Willigk, Wien. Ahead. Ber. 5, 
190.) 

3. Gum from fermented Mangold-iimrzel Juice. — The juice is preci- 
pitated with alcohol; the precipitate washed and dissolved in water; 
the solution precipitated with basic acetate of lead ; the precipitate 
decomposed under water with sulphuretted hydrogen ; and the filtrate 
evaporated to dryness over the water-bath. — Transparent, vitreous, 
scarcely coloured mass, resembling' gum-arabic. Contains 40*89 p. c. 
C., 6T0 H., and 53*01 0. (Kircher, Ann . Pham . 31, 337.) 


Metagtunmic Acid. 

A . Grifus. Compt. rend. 44, 144; 2\. J. Pharm. 31, 216 ; J. pr. Clem. 
71, 378. 

Fbeiiy. Compt. vend. 50, 124 ; Ah J \ Pharm . 37, 81 ; abstr. Chem. Centr. 
I860, 607. 

See page 193. 

Perhaps a pectons modification of arabic add. (Graham). 

The acid in combination with lime forms Cerasin , the constituent of 
cherry, plum, apricot, peach, and almond tree gum, which is insoluble 
in water, and, according to Fremy and Gelis, is identical with- the 
insoluble compound formed from gum-arabic. 

Cherry tree gum is a mixture of arabin and corasin in variable pro- 
portions (Scbmidt) ; it contains 34*9 p. c. cerasin, 52*1 p. c. arabin, and 
from 1 to 3 p. c. ash and water. '(Guerin-Yarry.) Gummi Cerasorum 
boiled with water leaves a residue of bass orin- jelly, whereas Gummi 
Pemcomm dissolves almost completely. Both contain a certain quan- 
tity of glucose, the latter also tannic acid. (Ludwig, Ah Bi\ Arch. 82, 
152). Almond tree gum Is almost wholly soluble in water. (Landerer, 
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Bep&rt, 5G, 82.) — The gum of the cherry tree and of the other trees 
above-mentioned exhibits the same composition, nearly agreeing with 
the formula C I2 H 10 0 10 (Guerin- Varry). When cherry tree gum is 
evaporated with water and hydrochloric acid, alcohol added to the 
solution, which has become mobile, throws down a gum containing 
44*26 p. c. C., 6 *2 7 £L, and 49*47 0., therefore C 12 H 10 0 10 . (Schmidt, 
Ann. Pharm. 51, 88.) 


Formation and Preparation. 1 . When oil of vitriol is covered with 
a layer of a syrupy solution of gum-arabic, the gum is converted into 
metagummic acid, which may be removed, washed and dried (Fremy). 
— 2. Gum-arabic heated for some time to 150° becomes insoluble in 
water (Gelis), and is converted into mctagummate of lime. (Fremy, sec 
pp. 194 , 19 S.) — 3. Gum-arabic undergoes the same transformation when 
roasted with oxalic acid. (Fremy.) — 4. Neubauer’s arabin is ren- 
dered insoluble in water by drying, doubtless from conversion into 
metagummic acid. 

Cerasin is obtained from cherry tree gum by dissolving out the 
arabin with water, at 20°, and drying the undissolved portions over 
the water-bath. As thus prepared it is a colourless, semi-transparent, 
very friable mass, which contains 8*4 p. c. water and leaves 1 p. c. ash. 
It swells up in cold water without dissolving. (Guerin-Yarry, Ann. 
CMm. Phjs. 49, 274.) 

Metagummic acid prepared from gum-arabic with oil of vitriol 
contains on the average, 40*96 p. c. C., 6*02 H., and 53*02 0. (Fremy.) 
Its formula is CTBYO 11 , as appears from Neubauet’s analysis of ara- 
bin (more correctly, that of metagummic acid. Kr. see page 197.) 

Metagummic acid is not altered by boiling with water, but when 
boiled with alkaline water, or with a small quantity of lime, it is con- 
verted into an arabate of the alkali or of lime. (Fremy.) In like 
manner, natural cerasin — in so far as it contains lime— (Guerin-Yarry) 
and metagummate of lime obtained by heating gum-arabic (Gelis), are 
dissolved by boiling with water. Natural cerasin likewise dissolves 
more easily when boiled with water, after addition of an alkaline car- 
bonate, and with separation of carbonate of lime. (Fremy.) — Cerasin 
boiled with nitric acM of sp. gr. 1*139 yields as much mucic acid as 
gum-arabic. (Guerin-Yarry. 

Insoluble in alcohol . 


Bassorm. 

C 12 H 10 0 10 or C^IPO 20 . 


Guerix-Varry. Ann. (Jhim. Phys . 40, 248 and 51, 222. 

Mulder. J. Chem. 15, 207 ; further, 37, 338. 

Schmidt. Ann. Pharm. 51, 29. 

Ludwig-. 2Y Br. Arch . 82, 33 and 153. 

Traganthsioff (Bucbliolz), TraganiMn, Adraganthin, Berzelius’ Vegetable Mucus in 

part — The part of Bassora-gum, gum-tragacanth, and other gums, 
which is insoluble in water and swells up therein. 
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Sources. In Bassova or Kutera gum which, according to Yauquelin 
and Fremy, consists almost wholly of it, according' to Guerin- Varry, 
of 61*31 p. c. bassorin, together with arabin, ash and constituents 
soluble in alcohol. See, on this subject, Guerin-Tarry, Guibourt (J. Chim . med. 
8, 419 ; Ann. Pharm. 9, 225), Tauquelin (Bull. Pharm. 3, 52), Ludwig (IT. Br. Arch. 
82, 32). — In Acajou-gum (Trommsdorff, JS r . Tr. 22, 2, 252). — In the gum 
of Cactus opuntia (Bazin & Guibourt, J. Pharm. .20, 525 ; Trommsdorff, 
IT. Tr. 19, 2, 35). — In Gummi Smarubce (Ludwig). — In false gum- 
tragacanth (N. v. Esenbeck, Mag. Pharm. 25, 241 : Brandes, Mag. 
Pharm. 33, 4).— Gum tragacanth contains, according toBuchholz (Tas- 
chenh. 1815, 83) 57 p. c. arabin and 43 p. c. bassorin, together with 
Starch (but not always, according to Flaschhoff, Br. Arch. 21, 222.), the brown SOl't 
containing more starch than the white, and consequently turning blue 
with iodine (Fromberg, Mag. Pharm. 1826, 15, 169 ; Planche, J. Pharm. 
13, 25). According to Guerin- Yany, it contains 53*3 p. c. arabin, 
33*1 p. c. bassorin, 11*1 p. c. water, and 2*5 p. c. ash; according to 
others, little or no arabin. It leaves 3*57 p. c. ash (Lowenthal & Haus- 
mann, Ann. Pharm. S 9, 112); contains on the average 16*35 p. c. 
water (Ludwig, IT. Br. Arch. 82, 38). Boiliag alcohol extracts from 
tragacanth 1*56 p. c. : the solution was found to contain a bitter sub- 
stance, sugar being found in it only once. — Oil the microscopical constituents 
of gum-tragacanth, see Mohr (Bot, Zeit. 1857, 37); Hartig ( Entwickl . d. Pfianzenh. 39) 
Maschlce (J. pr. Chern. 76, 49). 

Gum-tragacanth dried at 17*5° contains 40*5 p. c. 0., 6*61 EL, and 
52*82 0. (Hermann.) Select gum-tragacanth dried between 100° and 
110° contains 45*25 p. c. 0., 6*00 H., and 48*75 0., after deduction of 
1*75 p. c. ash. (Schmidt.) 

Preparation, Gum-tragacanth or Bassora-gum is exhausted with 
cold water, and the insoluble residue is (hied. (Guerin- Yarry.) 
Trommsdorff employs acajou-gum, and washes the residue likewise 
with alcohol. 

Schmidt pours cold water on lumps of pure gum-tragacanth ; leaves 
them to stand for 24 hours ; agitates the swollen mass with alcohol 
containing hydrochloric acid, till it cakes together ; decants the alco- 
hol from the lumps ; suspends them in water ; ag'ain agitates with 
alcohol containing hydrochloric acid, — and so forth, till the liquid 
which runs off no longer leaves any residue ; then removes the 
adhering acid by washing with alcohol, and dries the residue on glass 
plates. The product thus obtained must contain arabin, if that substance was pre- 
sent in the tragacanth. (Kr.) 

Properties. Colourless, semitransparent, difficultly friable gum; 
when prepared from tragacanth, it forms dirty white scales. ( Guerin - 
Yarry.) Inodorous and tasteless. Permanent in the air. — See also 
Maschke (J.pr. Chem. 76, 48). — Not digestible. (Frerichs, Eandb . Zoo- 
chem . via, 577.) 


Guerin-Tarry. Schmidt. Mulder. 

mean, mean, 

a. &. nni0°. ^130°-I40°. 

12 C 72 .... 44*44 .... 37*28 .... 35*79 44*86 .... 45*30 

10 H .... 10 .... 6*17 .... 6*85 .... 7*11 ........ 6*20 .... 5*85 

10 O .... 80 .... 49*39 .... 55*87 .... 57*10 48*94 .... 48*85 


..., 100*00 .... 100*00 .... 100*00 ........ 100*00 .... 100*00 


C^H^O 10 162 



208 CARBO-HYDRATES OT-PO 11 , 

So, according to Schmidt. His bassorin still left G*65 p. c. ash, and when further 
heated to 170°, lost 5 '22 p. c. water, after which its composition agreed with the formula 
C 12 H 9 0 9 . — a. From Bassora-gum ; b. from gum- tragacanth, after deduction of ash 
= C 12 H T1 O u (Guerin-Varry). Isomeric with arabic and metagummic acids, but differs 
from both (Fremy, N. J. Pharm, 37, 81). According to Mulder, it is C 24 H 19 0 19 ; he 
is of opinion that Schmidt’s bassorin was most perfectly dried. 

Decompositions. 1. Gum-tragacanth dried at 100° in a current of 
air, becomes yellowish when heated to 140°, loses at the same time 
1*73 p. c. of its weight, and at 150° decomposes with stronger colora- 
tion (Mulder, vid. sup.). — 2. Gum-tragacantli yields by dry distillation 
carbonic acid and combustible gas, pyromucic acid containing a 
little ammonia, and leaves charcoal, tog-ether with carbonate of lime 
and a small quantity of phosphate. (Cruikshank.) — 3. Tragacanth- 
mucilage prepared with water acquires, after standing for some 
weeks, the odour of sour paste and butyric acid. (Guerin-Yarry.) 
— 4. Bassorin heated with nitric acid yields 22*6 p. c. mucic acid 
and a small quantity of oxalic acid (Guerin-Yarry) ; gum-tragacanth 
likewise yields mucic (saccharic ?) acid, and oxalate of lime (Scheele ; 
Laug'ier, Ann. Chim. 72, 82.) Strong nitric acid converts tragacanth into 
xyloldin. (Braconnot.) It causes bassorin to swell up in the cold and when heated 
with it, forms a solution precipitable by alcohol ; weak nitric acid dissolves bassorin only 
when heated, forming a solution precipitable by alcohol. (Trommsdorff. ) — 5. Bas- 
sorin is not altered by cold oil of vitriol , but is carbonised when heated 
with it (Guerin-Yarry). Tragacanth is carbonised by oil of vitriol, 
and yields traces of artificial tannin. (Hatchett.) — Dilute sulphuric 
acid dissolves bassorin on boiling*, forming a crystallisable, non-fer- 
mentable sugar (Guerin-Yarry), together with a gum whose aqueous 
solution is precipitated by alcohol and basic acetate of lead. Tra- 
gacanth swollen in cold water is converted into a mobile liquid by 
continued heating or evaporation with dilute sulphuric, hydrochloric, 
or oxalic acid, and ultimately dissolves with the exception of a few 
flocks ; alcohol added to the filtrate throws down a white gum 
whilst glucose remains dissolved. The gum contains, on the average, 
44*26 p. c. 0., 6*25 H., and 49*40 O., Schmidt. — 6. Bassorin is con- 
verted by boiling with aqueous alkalis, into a soluble gum, which 
resembles gum-arabic, but differs from it in the precipitability of its 
solution by neutral acetate of lead (Fremy ). — 7. Trag-acanth-mucilage 
boiled with quicklime turns yellow at first, but becomes colourless 
again after two hours, whilst the precipitated lime appears yellow; 
the clear liquid contains a lime-salt in solution. (Zeise.) 

Combinations . Bassorin is insoluble in water, even at the boiling 
heat, but swells up to a jelly when immersed in it. When tragacanth 
is softened with 1000 or 1200 pts. of water, and the dissolved portion 
is separated from the swollen, gummy mass, the latter, on being 
mixed with a large quantity of water, at length becomes sufficiently 
mobile to run through the filter in the form of a viscid liquid, each 
drop extending itself into a thread (Berzelius, Lei mb . 3 Aufl. 6, 407). 
If moist bassorin, which has not been previously dried, be boiled with 
water for two hours, it forms a colourless mobile solution, which, when 
evaporated, leaves a residue only partially soluble (Trommsdorff). 
According to some statements, tragacanth yields nothing to water ; 
according to others it yields arabin {vid. sup.). 

Bassorin dissolves readily in hydrochloric acid , also in aqueous 
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ammonia, and remains unaltered when tlie solvent is evaporated. 
(Trommsdorff). 

With Oxide of Lead. — Tragacanth- jelly, diluted with a large quan- 
tity of water, coagulates with basic acetate of lead, slightly with the 
neutral acetate. When powdered tragacanth is macerated for twenty- 
four hours with cold water, the liquid strained through linen — only a 
small quantity of adventitious matter then remaining on the filter- 
then precipitated with ammonia and neutral acetate of lead, and the 
precipitate washed and dried at 100°, the product a is obtained. When 
uncomminuted tragacanth is macerated in water for twenty-four hours, 
the clear liquid poured off, two similar extracts prepared from the 
residue, and each precipitated with basic acetate of lead, the precipi- 
tates 6, c, and d are obtained (Mulder). As the organic substance of 
all these precipitates has nearly the same composition, Mulder con- 
cludes that tragacanth does not contain arabin, but only a certain 
constituent, which, according to him, is pectic acid. 


Mulder. 

a. b. c. d. 

PbO 51*38 .... 53-31 .... 33-84 .... 47*54 

C 17*49 .... 20-77 .... 27-22 .... 23*14 

H 2-OG .... 2-50 .... 3-12 .... 2*78 

0 29-07 .... 23-42 .... 30-82 .... 2G-54 


100-00 .... 100-00 .... 100-00 .... 100-00 

Tragacanth-jelly curdles a solution of bichloride of tin ; according 
to Bostock it forms a reddish precipitate with mercurous nitrate; 
according to Pfaff, a white precipitate with both mercurous an & mercuric 
nitrate . It is precipitated by alcohol 


Vegetable Mucilage. 

C I3 H 10 0 10 or C^EPO 20 . 

Leo Meier. Bed. Jahrb. 27, 2, 75. 

Gr Erin- Y arrt. Ann. Chirn. Phys. 49, 248; Seine. 65, 220; A r . Tr. 26, 
2, 155 ; abstr. Pogg. 29, 50. 

Mulder. J. pr. Chem. 15, 293 ; further, 37, 334. 

ScmnDT. Ann. Pharm . 51, 29. 

bfloELi & Cramer. Pflanzenphys . TJntmuckungen , Zurich, 1855 ; abstr. 
Pharm. Centr . 1855, 426. 

Gelin, Mucus; Vegeiabilische Gallerte, Pfanzenschleim . — Chiefly investigated 
by Schmidt ; formerly confounded by Mulder with pectic acid. The substances here 
brought together under the name, vegetable mucilage, exhibit certain diversities of 
character, which may perhaps render it necessary to subdivide them. Schmidt likewise 
regards tragacanth, and perhaps therefore bassorin in general, as vegetable mucilage. 

Sources. Doubtless a universally diffused constituent of plants. 
Described and examined, as obtained from the following parts of 
plants : Prom the roots of marsh-mallow {Althaea officinalis), the tubers 
VOL. XV. * P 
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of various species of Orcliis (Salep mucilage). — From the seeds of Plantago 
Psyllium (flea-wort), of Linum , of various species of Salvia and other 
Labiates . and of quinces. — From tile bark and leaves of the lime and 
elm. — From Splicer o coccus crispus , the mucilage forming nearly the 
entire alga, and from Fucus sacchcirinas. 

On marsh-mallow mucilage, see also Trommsdorff (N. Tr. 19, 1, 164); on the 
mucilage of flea-wort seed, Braconnot, (J. Ckim. med. 17, 513; Eepert. 75, 190); on 
linseed mucilage, Vauquelin (Schw. J. 9, 142) on elm and lime mucilage, Braconnot 
(V. Ann. Ckim. Phys. 17, 352) ; on the mucilage of diseased elms, also Vauquelin 
(Ann. Ckim. 21,43). — On the mucilage of Fucus saccharinus, Witting, Jim. (J.pr. 
Chem. 73, 133). 

Preparation. The undivided seed of flax, flea-wort, or quinces, is 
macerated, with agitation, in cold water ; the liquid is strained, boiled 
np, again strained, concentrated in the water-bath till alcohol preci- 
pitates tenacious threads from it, then mixed with alcohol ; and the 
precipitate is strongly pressed, left to swell up to a certain extent in 
water, and agitated with alcohol containing hydrochloric acid, as long 
as lime-salts are thereby removed. (Schmidt, Mulder.) — Earlier state- 
ments about vegetable mucilage relate chiefly to the decoction of certain parts of plants 
evaporated down, or exhausted with alcohol, or again boiled with animal charcoal. 

Properties. After drying it forms a horny or cartilaginous, amor- 
phous, and generally colourless mass. Friable. Neutral. 

Schmidt. Mulder. 

from Linseed, from Quinces, 
at 100° — 110°. at 150°-. an3G°— 150A 


12 C ... 

72 . 

... 44*44 .. 

.. 44*43 to 44*95 .... 

44-83 

45-45 

10 H ... 

.. 10 . 

... 6-16 .. 

.. 6*12 to 6*33 .... 

5-92 

6-07 

10 O ... 

. 80 ., 

... 49*40 


49-25 

48-48 

C^H^O 10 162 . 

... 100*00 


103-00 

100-00 


N’ageli & Cramer. 

from Linseed. from Quinces. 

C 44-90 46*60 

IT 6-03 6-11 

0 49*07 47-29 


100-00 100-00 

Schmidt’s and Mulder’s analyses give the composition of the mucilnge after 
deducling the ash, which, in Schmidt's substance amounted to 0*415 — 1’39 p.c., and 
in Mulder’s to 2*04 — 4-25 p.c. — Schmidt examined mucilage from marsh-mallow, 
flea-wort, SpMrococcus crispus , linseed, and quinces, with nearly equal results. — 
Mulder gives the formula C- 4 H I9 0 19 , and supposes that Schmidt’s substances were not 
sufficiently dried. The larger amount of ash in Mulder's substances may perhaps be 
explained by the smaller amount of water that he found. For Guerin-Varry’s analysis, 
and his partly unintelligible statements, sec Ann. Ckim. Phys. 49, 248. 

Decompositions. 1. Linseed mucilage dried at 100° in a stream of air, 
loses 1*28 p. c. of its weight when gradually heated to 150°, and forms 
a trace of acid; when further heated to 170°, it diminishes in weight 
by 1*03 p. c. more, at the same time, however, exhibiting marks of 
decomposition. Quince mucilage loses 0*65 p. c. at 150°, and 1-04 p. c. 
more at 170°. The mucilage of flea- wort seed, dried at 110°, loses 
5*8 p. c, at 175° ; quince-seed mucilage 4*96 p, c. (Schmidt) — * 
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2. Marsh-mallow mucilage yields, by dry distillation , carbonic acid 
and carburetted hydrogen, a distillate of empyreumatic oil and acid 
water (containing ammonia) and a residue of charcoal. (Leo Meier.) — 

3. Vegetable mucilage boiled with dilute acids becomes mobile and is 
resolved into gum and sugar. Quince mucilage is at first coagulated 
by acids, and decomposed after a few hours ; the mucilage of flea- wort 
and other plants is more easily decomposed. When salep-tubers, cut 
into small pieces, are left to swell up in water, then crushed and digested 
for some time with dilute sulphuric acid, cellular membrane is left 
behind, and the filtered liquid contains gum and sugar. (Schmidt. )*■ — 

4. Mucilage, boiled with nitric acid , yields oxalic acid, and, 
according to older statements, likewise mucic acid. Marsh-mallow 
mucilage, treated with nitric acid, yields oxalic acid (Meier) ; mucic 
acid (Trommsdorff). Flea-wort mucilage yields oxalic acid and 
artificial bitter, without mucic acid. (Braconnot.) Linseed mucilage, 
obtained by exhausting the seed with water, and evaporating the 
extract, is decomposed by water into a soluble and an insoluble 
portion, the latter only yielding mucic acid with nitric acid. 
(Guerin- Yarry.) According to Vauquelin and Meier, linseed mucilage 
treated with nitric add, yields oxalic acid, artificial bitter and mucic 
add ; according to Nageli A Cramer, the chief products are oxalic 
acid, and a crystalline powder, nearly insoluble in dilute nitric acid and 
in water, moderately soluble in aqueous potash. Quince mucilage 
yields with nitric acid nothing- but oxalic acid (Nageli A Cramer); so 
likewise elm-mucilage (Braconnot). — With strong- nitric acid, linseed- 
mucilage yields a small quantity of xyloidin. (Braconnot.) V ege- 
table mucilages heated with nitrosulphmic acid yield a detonating 
product. (Nageli & Cramer.) 

5. Vegetable mucilage heated with oil of vitriol is charred, with 
evolution of sulphurous acid. (Meier.) Quince-mucilage treated with 
oil of vitriol is coloured blue by iodine (Kiitzing, Nageli & Cramer), 
and splendid red after a few days by Uniodide of zinc. (Nageli & 
Cramer.) 

6. Elm-mucilage thickened by potash-ley, becomes fluid again on 
boiling, and is converted into gum. (Braconnot.) — 7. Mucilage is 
decomposed by digestion with icheat-glutm in the same manner as by 
dilute acids. (Schmidt.) It is not altered by saliva , gastric juice , bile , 
or pancreatic juice. (Frerichs, Handb. viii. Zoochem. 577.) 

Vegetable mucilage swells up strongly when water is poured upon 
it, but, according to Nageli & Cramer, it does not form a true solution. 
The resulting jelly is impervious to alcohol, ether, and oils both fixed and 
volatile. Dry linseed mucilage is but partially soluble in water. Quince- 
mucilage also does not dissolve in water, either cold or hot, during 
washing, if it has been precipitated from its aqueous solution by acids. 
(Schmidt.) The aqueous solution of some vegetable mucilages solidi- 
fies in a gelatinous mass ; that of others does not. On the swelling power 
of quince-mucilage, see Nageli & Cramer. 

The aqueous solution of flea-wort mucilage is not altered by dilute 
acids, but quince mucilage is coagulated by acids, alkalis , and many 
salts. (Schmidt). From the mucilage of Fucus saccharimts , nitric acid 
and dilute sulphuric acid separate white flocks. (Watting, J. pr. dim . 
73j 138). — Iodine colours vegetable mucilage greenish yellow. 

v 2 
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Baryta-water coagulates marsh-mallow mucilage (Trommstlorff, 
flea-wort mucilage (Braconnot), elm mucilage (Berzelius). Lime-water 
acts in a similar manner. Salop mucilage boiled with weak potash- 
ley forms a clear jelly after addition of a small quantity of chloride of 
calcium. (Schmidt.) Vegetable mucilage is not thickened by borax 
(Schiller, Bvrl. Juhrb. 1808, 18G, and others). 

Vegetable mucilage is not precipitated, at least not completely, by 
neutral acetate of lead; but the basic acetate produces complete pre- 
cipitation. See Mulder’s analysis of the lead precipitates. (J. pr. Chem . 15, 293.) 
The mucilage of Fucus sacchariims is precipitated by neutral acetate of 
lead. (Witting). 

Vegetable mucilage is not altered by cupric ox ferric sulphate. 

It is insoluble in alcohol , and is precipitated from its aqueous solu- 
tion by tincture of galls. 


Saccharo'idal Substances C w JI l3 () 10 . 

Finite. 

(FIFO 10 or PTPm 


Beuthelot (1855). JSf. Ann, Chm. Phjs. 4G, 7G ; Compt. rend. 41, 392 ; 
J. pr. Chem. G7, 233 ; Chem, centr . 1855, G99. — Chin. org. Paris 
I860, 2, 213. 

Johnson. Sill. Am. J. [2], 22, 6; J. pr. Chem. 70, 245; N. Br. Arch 
93, 54 ; Chem, Centr. 1856, 765. 

Pine-sugar ; FichtenzucJcer, 

Occurrence. In the sap of the Bums lambertina of California. This 
liquid exudes from the stems, collects in cavities made with fire at 
the bottom of the steins, and hardens into roundish masses. (Bcr- 
thelot.) 

Preparation. Prom the crude hardened juice 1. By dissolving it 
in water, decolorising the solution with animal charcoal, leaving the 
filtered liquid to evaporate, and recrystallising from cold water. The 
crystals do not separate till the solution has stood for several weeks, 
and they arc slow of growth. (Berthelot). — 2. The hot alcoholic solu- 
tion is decolorised with animal charcoal and mixed with ether till tur- 
bidity ensues. After a few hours crystals appear, which may he 
purified by recry stallisation. (Johnson.) 

Properties, Hard colourless, radiate nodules, consisting of micro- 
scopic, imperfectly developed crystals. Melts above 150°. In vacuo, 
near the boiling point of mercury, it forms white fumes without dis- 
tilling. Its taste is almost as sweet as that of sugar- candy. 
Sp* gr. 1'53- Rotatory power [cC\j = 58*6° to the right. Neutral. 
(Berthelot.) 



FINITE. 213 


Berthelot. Johnson. 

12 C 72 .... 43-9 .... 43 5 .... 42*75 

12 M 12 .... 7*3 .... 7-5 .... 7*40 

10 0 80 .... 48*8 .... 49*0 .... 49*85 


C 13 H l2 0 10 104 ....100*0 ....100 0 ....100*00 


Decompositions. 1. Pinite heated above 150° gives off empyreu- 
matic water; at 250° it is partly converted into a black insoluble 
mass, but it is only at a higher temperature that complete decom- 
position takes place, an odour of caramel being emitted, and tarry 
products distilling over. — 2. Heated on platinum foil, it chars and burns 
away completely. — 3. Hot nitric acid decomposes it, with formation 
of nitro -compounds, and a small quantity of oxalic acid. — 4. Pinite 
blackens when oil of vitriol is quickly poured upon it, but dissolves if 
gradually brought in contact with, the acid at a moderate heat, 
apparently forming pinisuiphuric acid, the soluble lime-salt of which 
decomposes when its solution is evaporated. — Dihte sulphuric add 
does not affect pinite even at the boiling heat. — 5. Heated with 
tartaric acid to 100° — 120° in sealed tubes for five hours, it yields 
pinitartaric acid ; with benzoic acid at 200° — 250°, it yields benzo* 
pinite; with stearic acid at 200° — 250°, stearo-pinitc. — 6. When its 
concentrated aqueous solution is brought in contact with bmiodide 
of phosphorus, it becomes partially carbonised, and yields a volatile, 
strongly refracting oil, smelling of acetone, carbolic acid, and 
salicylous acid. — 7. When very strongly heated with lumps of potash 
or with lime, it is decomposed with evolution of acrid fumes. — 8. It 
reduces the hot aqueous solution of nitrate of argentammonia. pinite is 
not altered by aqueous potash, ammonia or baryta, by potassio -cupric tartrate or 
sesquichloride of iron. It does not ferment with yeast. 

Combinations. Pinite is very soluble in water . It dissolves abun- 
dantly in fuming hydrochloric acid , and crystallises somewhat coloured on 
cooling. 

The aqueous solution of pinite dissolves lime more freely than pure 
water. 

Lead-compound. — From a concentrated aqueous solution of pinite, 
ammoniacai sugar of lead throws down a white, curdy; very flocculent 
precipitate, which when recently precipitated dissolves in a larger 
quantity of cold water, but is only partially dissolved, and decomposed 
at the same time, by boiling water. 


At 100° in vacuo . Berthelot. 


12 C 72 .... 11*8 .... 12*5 

12 H 12 ... 2*0 .... 2*1 

10 O 80 .... 13*1 .... 12*6 

4 PbO 446*8 .... 73*1 .... 72*8 


C 13 H ls O 10 ,4PbO 610*8 .... 100*0 ... 100*0 


Aqueous pinite dissolves neutral acetate of lead. 

Pinite is nearly insoluble in absolute alcohol , slightly soluble in boil- 
ing alcohol of ordinary strength. (Berthelot.) — Soluble in boiling alcohol 
(Johnson). — Insoluble in chloroform . (Berthelot.) 
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Conjugated Compounds of Finite. 

Pini-tartaric Acid* 

C e0 IFO 70 or OTIW 5 . 

Beethklot. (1857.) N\ Ami. Chim. Flags. 54, 84; abstr. Compi. rend. 
45, 268; Chem. Gaz. 1857, 411 ; J.pr. Chem. 78, 150. 

Pmit-tartcnaure . A tide pinitaririque. 

Formed, like duloi- tartaric acid, i’roin 1 at. finite and 3 at. tartaric 
acid. 


CMIW + 3(C H U f5 O l ") - CHO « (?"I1 18 0® (Bert, helot). 


Lime-salt. — Gives off 10*8 p. c. water at 100°. 



at 100 s . 


Ber theta t 

GO C 

3C0 .. 

. 30*5 

.... 29*6 

42 H 

42 ... 

3-5 

.... 3*6 

76 O 

608 .. 

. 51-7 

.... 51*0 

GCaO 

168 .. 

. 14*3 

.... 15*8 

C°°H 30 Ca°O 70 s l 2 H O 

1178 .. 

.. 100*0 

.... 100*0 


Benzo-pinite. 

Be.rtii.eeot. Chmie orgamqnc , Paris, I860, 2, 206. — < Compt . rend. 

41, 4.52. 

A , Mono-acid. — Finite monofrenzotyue. — ( 0°1 FO 1,1 . 

Finite is boated with benzoic add in a sealed tube for some hours 
to 200°— -250° ; the excess of benzoic acid is saturated wilh aqueous 
carbonate of potash and linally with a small lump of solid caustic pot- 
ash ; the liquid is mixed with an. equal quantity of ether; and the 
supernatant ethereal solution is decanted, after standing quietly for a 
while, then treated with bone-black, and evaporated, first over the 
water-bath, afterwards in a strongly heated sand-bath : 

2C W H 6 0 4 + C 12 H 12 0 10 » OTPO** + 4 HO, 

Solid resin. Neutral. Hydrochloric acid gas passed through its 
solution in absolute alcohol resolves it into * benzoate of ethyl and 
slowly crystallising pinifce. By lime at 100°, it is slowly converted 
into pinite and benzoate of lime. — Insoluble in water. — Soluble in 
absolute alcohol and in ether. (Bert helot), 

B. Bi-atid . * — Finite dihenztwjue , — * (J C8 I1 32 0 22 . 

MonobenzoqMto is heated to 200° —250° with benzoic acid, and 
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tlic product is freed from excess of benzoic acid in the same manner 
as A : 

4C 14 H R 0 4 + C l2 H 12 0 lfl = C®H 32 0 3fl + 4HO. 

Solid. Neutral. Insoluble in water. Soluble in ether. (Berthelot.) 


Quercite. 

C 24 IF0 20 or C 12 II 12 0 10 . 

Rraconnot. (1849.) N. Ann . Chim. PJiys. 27, 392 ; J. pr. Chem. 

49, 232 ; Pham. Centr. 1850, 92. 

Dessaign.es. Compt. rend. 33, 308 and 462 ; Ann. Pham. 81, 103 and 

251 ; Pharm. Centr. 1861, 746 and 959. 

Sugar of Acorns. — The name qiiercin was given by Scattergood (Repert. 34, 146) 
to crystals from Quercus falcata; by Gerber ( N . Rr. Arch . 34, 167) to crystals from 
oak-bark, the nature of which, was not determined. 

Discovered by Braconnot in the fruit of Quercus racemosa and Q. sessiliflora 
( Hand h. viii., Phytochm. 77); recognised as a peculiar substance, and investigated by 
Dessaignes. 

Preparation . The aqueous extract of bruised acorns is freed from 
dissolved tannic acid by heating it with lime ; the filtrate is left to 
ferment with yeast, to remove the fermentable sugar, which hinders 
the separation of the quercite ; the liquid, after filtration, is evaporated 
to a syrup, and the crystals, which separate from it after a while, are 
washed with cold alcohol, and recrystallised from water or weak spirit. 
(Dessaignes, N. J. Pharm. 251, 30.) 

Properties. Hard crystals, grating between the teeth, permanent 
in the air. They belong to the oblique prismatic system. Rhombic 
prism u. {fig. 99), having' the obtuse edge truncated by t (fig. 97); 
above, it has also the oblique end-face i, and below, the face f (fig. 94), 
and the oblique prism a. The faces u are vertically striated. The 
faces are unequally developed, u : u in front = 106° 30'; u : t ~ 143° 
15'; t : i = 111 0 3'; t :/ = 122° 40'; % ;/behind = 126° 17', by cal- 
culation, == 126° 38' (nearly) by observation; a: a over i = 108° 52 r 
by calculation, = 109° 5' by observation; a : i = 144° 26' by calcu- 
lation, = 144° 28' by observation; u : i = 106° 44' by calculation, = 
106° 15'— 50' by observation ; u :/= 115° 37' by calculation, = 115° 
15' (nearly) by observation (Senarmont, llammclsberg’s JIandhuch , 224). 
— Permanent at 215°, melts at 235°, and partly sublimes, a small 
portion of the residue becoming carbonised. (Dessaignes.) 


Dessaignes. 
a. 1 ). 

24 C 144 .... 43*90 .... 43*74 .... 43*69 

24 II 24 .... 7*31 .... 7*53 .... 7*71 

20 O 160 .... 48*79 .... 48*73 .... 48*60 


C 2i H 24 G 20 328 .... 100*00 .... 100*00 .... 100*00 


a. From nitroquercite (Dessaignes). 



216 SACCHAU01DAL SUBSTANCES mW\ 

Decompositions. 1. Converted by hot nitric acid Into oxalic acid, not 
into imicio acid (Braconnot, Dessaignos). — 2. Triturated with oil of 
vitriol^ it forms a colonrlcaa solution containing a conjugated acid, whose 
lime-salt does not crystallise. — •£. Nitrosnlplmnc add converts it into 
nitroquercitc. (Dessaiglies.) Nilroquorcite is a white amorphous resin, in- 
soluble in water, soluble in hot alcohol ; treated in alcoholic solution with sulphuretted 
hydrogen, it is reduced to quorate, with separation of sulphur. (Dessaiglies, Compt 
rmd. 33, 462 5 Ann. Pharm. 81, 251.) — Heated with tartaric add, it forms 
quercitartaric acid (Berthelot, Compt. rend. 45, 208); with benzoic and 
stearic acids , it forms benzo-qucrcito and stearo-quercite, (Berthelot, 
Ghim. org. 2, 209.) 

Not altered by boiling potash-ley, or by cupracetato of potash ; does not ferment 
with yeast or with cheese (Dessaignos). 

Combinations. Soluble in from 8 to 10 pis. of cold water. Aqueous 
quercito dissolves a small quantity of lime. 

With Baryta. — When 2 at. quercitc (G 24 IT 21 0 10 = 1 at.) and 4 at. 
baryta are dissolved together in water, a large quantity of hydrate of 
baryta crystallises out on cooling, and an additional quantity on addition 
of alcohol; after the removal of this deposit, there remains a gummy 
solution which docs not crystallise in vacuo, — After drying in vacuo, 
it contains 29*41 p. c. baryta and gives off 5*92 p. c. water at 150°, 
and is probably therefore C 24 II 21 O 20 ,2BaO + 4110 (calc. 29*59 p. c. 
BaO, G'9G p. c. HO). (Dcssaignes.) 

From a warm solution of basic acetate of lead mixed with ammonia, 
aqueous quercito throws down a copious white precipitate, which also 
does not become crystalline on cooling. (Dessaignos.) 

Qucrcite dissolves in hot weak spirit . 


Conjugated Compounds of Quercitc . 
Querci-tartaric Acid. 
0«1P0“ = CMPO 27 . 


Berthelot, (1857.) AT. Ami. Chm. Phjs . 54, 82 ; abstr. Compt rend . 
45, 208 ; K J. Pharm. 33 , 95 ; Ohm. Qaz , 1857, 441 ; J. pi\ Cham 
73, 159. 

Obtained, like dulei-tartaric acid, from quercitc and tartaric acid. 
C 12 H 12 0 10 + 40 S H 6 0 12 = C 44 I1»0 M + 4 HO. 

Qnercitartrate of Lime gives off 16*1 p.c. water at 110°. (Bor- 
thelot.) 


at 100°. 



Berthelot. 

44 C 

264 . 

... 30 0 

.... 31*0 

30 H 

30 „ 

... 3*4 

.... 3*9 

52 O 

41C . 

... 47*4 

.... 47*3 

6 CaO 

168 . 

... 19*2 

.... 17*8 

Cni*Ua«OH4IIO 

878 . 

... 100*0 

100*0 
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Benso-quercite. 

C 40 H 20 0 14 ? 

Berthelot. Cliirn. org ,, Paris, 1860, 2, 220. — Compt. rend, 44, 452. 

Benzoesaure- Qnercit, Benzoesaure-Quercilester ; Quercite benzoique . — 

Prepared, like monobenzo-pinite, by beating qncreite with benzoic 
acid for several hours, in sealed tubes, to about 200°. — Solid, 
neutral. — Dissolved in absolute alcohol and treated with hydrochloric 
acid gas, it is resolved into quercite and benzoatc of ethyl. — Insoluble 
in xvatcr , soluble in ether. (Berthelot.) 


Carlo -hydrates (PEW 1 . 

Milk-sugar. 

C“E»0“ or C 12 H ll O u . 

Lichtenstein. (1772.) Abhandl. vom Milchzucker . Braunschw. 1772. 
Oeuikshank, Bcher. J. 8, 293. 

Hermbstadt, Crett. A. Entd . 5, 31. 

Bouillon-Lagrange & Yogel. J. Phys . 72, 208 ; Sclav. 2, 342 ; 
Gilb. 42, 135. 

Berzelius. Ann. Chm. 95, 67. 

Baumann. A. Br. Arch. 37, 47. 

Hagen. Pogg. 71, 532 ; J . pr. Chem. 42, 470. 

A. Bensch. Ann. Pharm. 61, 221. 

Poggiale. Compt. rend. 28, 505 ; A. J. Pharm. 15, 413; J.pr. Chem . 

47, 13 ; J. Chm me'd. 25, 364. 

Brendecke. A*. Br. Arch.. 78, 88. 

Krause & Stadeler. JfM. d naturf. Gesellsch. in Zurich , 1854, 473 ; 
(JAm. 'fc 1855, 67; Pliarm. Centr. 1854, 936; Lieb. Kopp . 
Jahresber . 1854, 746. 

A. Lieben. ‘PFVm. A /cad Aer. 18, 180; Chem. Centr. 1856, 567 ; 
J. 68, 407. 

Pasteur. Compt. rend. 42, 347 ; (7Ac?rc. Cewfr. 1856, 253 ; Inst. 1856, 
91 ; Jpr. Chem 68, 427. 

Dubrunfaut. Compt. rend. 42, 228; Chem. Centr. 1856, 233; lust. 
1856, 61 ; J.pr. Chem. 68, 422. 

Luboldt, J.pr. Chem. 77, 282; abstr. Pep. Chim. pure , 2, 41 ; A. J. 
Pharm . 36, 306, 

Lactin (Pasteur). Lactose (Dumas), but different from the lactose of Pasteur 
(yid. inf.). — Originally prepared by Fabrizio Bartholetti, in 1619, from whey, thence 
called Manna or JSHtrum seri lactis and afterwards by Bergmann, Galacticum Bartholetti. 
Recommended as a medicine by Ludovico Testi in 1698. 

Source* In the milk of mammalia. According to Dumas {Com.pt. rend. 
21, 707) it is not found in the milk of carnivora, excepting after they have taken food 
containing starch or sugar ; this statement is however contradicted by Bensch. Cream 
contains a smaller proportion of lactin than the milk from which it is obtained. 
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(Hoppe, Virchow's Arch . 17, 417.) On the quantity of milk-sugar in milk, sec 
Bamlh. viii, Zoochcm. 260 ; on the determination of milk-sugar, ibid. 253 et seq. j 
on methods of estimation by the optical rotatory power, 'see Poggiale ( Con/pL rend. 
28, 584; Ann. Pharm. 52, 116). 

The white of hens' eggs during incubation contains milk-sugar, according to 
YVinekler (Report. 1)2, 46 ; Chem. Oaz. DO, 280) ; not, according to Lehmann ,( Handb . 
viii, Zoochcm. 285). Braude thinks he has found lactin in chyle, (ibid. 221). 
Bracormot’s lactin of acorns is queroite (p. 214). — According to Simon ( Die 
Frauenmitch , Berlin 1838 ; abst r. Berzelius Jahres her t 10, 714), the sugar of human 
milk has a sweeter taste than ordinary milk-sugar, is less fusible, and. yields with 
nitric add a smaller quantity of muoicacid; in other respects it resembles ordinary milk- 
sugar. 

Preparation. Milk kept, in contact with rennet for the preparation 
of choose coagulates, with separation of whey-cheese. The whey 
{separated therefrom, if evaporated to the consistence of honey, yields, 
after standing for some time in a cool place, a crystalline deposit; of 
milk-sugar, which may he purified by repeated solution in water, 
clarification and crystallisation, finally (according to fttiideler k Krause) 
by repeatedly precipitating the aqueous solution with alcohol. 

For the detection of milk-sugar, milk, diluted with 3 pts. water, is 
heated to boiling' with a few drops of acetic acid; the liquid is tillered; 
the filtrate mixed with carbonate of magnesia and evaporated; the 
dry residue treated with alcohol to remove all matters soluble therein; 
and the undissolved portion exhausted with hot water : on evaporating 
this last-mentioned solution to a syrup, the milk-sugar crystallises out. 

Properties. See Hydrated milk-sugar. Crystallised milk-sugar, heated 
continuously to 140° — 145°, is converted, with loss of 1 at. water, into 
anhydrous milk-sugar. (Stiidcler & Krause.) Dextro-rotatory power 
[a] / = 61) *3° (Berth clot), = 60° 28 (Biot, Compt. rend. 42, 341)). 


at 140* — 150°. StUdelcr & Krause. Liobcn. 


12 C 

72 . 
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41*95 ... 
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6*51 ... 
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88 . 

... 51*46 .. 

51*51 ... 

51*60 

C“ll“O w 

171 . 

... 100*60 

100*00 ... 

100*00 


So according to SUkleler & Krause. Earlier fnrmtibe for (crystallined) milk-sugar : 
C m lFC) H (Berzelius), (Liebig), tEHH’O'VriH ) or according 

to others. Berzelius regarded milk-sugar fused with loss of 1,0 p.o. water ns anhydrous, 

'Decompositions. 1, Milk-sugar dried at Ifdf acquires a yellow colour 
ai; 14)0°, emits an odour of caramel (Stiidelcr Krause), and diminishes 
slightly in weight. Heated to 175°, or above, it is partly converted, 
with loss of weight (amounting to 13 p. e. of the crystallised sub- 
stance), into a mixture of lacto-earamel and a substance insoluble m 
water which then melts at 203*3°. (Lichen.) 

Crystallised milk-sugar when carefully heated, melts, gives off 
12 p, c. water, and solidifies* on cooling to a crystalline mass, which, 
when dissolved in water, regains the water of crystallisation that it had 
lost. (Berzelius.) When melted, it gives off 13*3 p. c. water and 
leaves a brown mass. (Vauquolin, Pull. Pharm. 8, 41).) Milk-sugar 
when roasted, becomes brown and tough, and is converted into a mix- 
ture of £ saccharic acid and £ gum (Sehill, Ann. Pharm. 81, 152), into 
caramel (Vauquolin.) The brown product formed by heating milk- 
sugar yields made acid with nitric acid, the same as unaltered milk- 
sugar. (Gel is, M. Ann. Ohm. Phys. 52, 855.) 
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2. Milk-sugar yields, by dry distillation , carbonic acid and combus- 
tible gases, aqueous acetic acid, empyrcumatic oil, and charcoal. 
(Oruikshank.) — The acid watery distillate amounts to 61 p. c., is less 
mobile than that obtained from cane-sugar, and more abundantly pre- 
cipitated by alcohol. (Yauquclin.) — 3. Milk-sugar heated in the open 
fire, swells up, becomes brown and tenacious, gives off the odour of 
burnt sugar, and burns with a white flame, leaving a large quantity of 
charcoal. (Bouillon & Yogel.) 

4. When oxygen gas is passed over milk-sugar mixed with spongy 
platinum, the milk-sugar is completely resolved into carbonic acid and 
water. (lleiset & Millon, N. Am. Chim. Phys. 8, 285.) Milk-sugar is 
not altered by ozone. (Gorup-Bcsanez, Ann. Pharm . 110, 86.) 

5. The aqueous solution of milk-sugar heated in a sealed tube 5 
turns yellow and finally dark brown, and if afterwards loft to evaporate, 
leaves an acid deliquescent syrup, which docs not crystallise even 
after several months. The decomposition takes place slowly at 100°, 
more quickly at 130°; between 105° and 110° it takes place, even if 
the air is completely excluded and. replaced by hydrogen. If the air 
has access, oxygen is absorbed, and (a smaller volume of) car- 
bonic acid is evolved. (F. ILoppo, Cke-m. Cen.tr. 18(50, 54.) Volil (Ann. 
Pharm. 105, 334) found that when a concentrated solution of milk- 
sugar was heated in a sealed tube to nearly 200° and then left to cool, 
the brown liquid no longer yielded with alcohol a precipitate of milk- 
sugar, but when mixed with a larger quantity of alcohol, it deposited 
crystals of grape-sugar [lactose?]. — A concentrated solution of 
milk-sugar remains unaltered at ordinary temperatures if the air 
is excluded ; but if exposed to the air, it turns acid in the course of a 
year and yields grape-sugar. (Lieben.) 

6. Milk-sugar distilled witli bichromate of potash and sidphmc acid 
yields aldehyde. (Guckelberger, Ann. Pharm . 64, 98.) 

7. Aqueous milk-sugar distilled with iodine and bicarbonate of 

potash, yields iodoform (Millon, Compt. rend. 21, 828; J.pr. CJiem. 37, 
53). — 7 a. When a mixture of 1 at. milk-sugar, 4- at. bromine, and water 
is heated to HH)° in a sealed tube, the liquid becomes colourless, and, 
on opening the tube, carbonic acid and hydro-bromic acid escape, with 
the odour of bromide of ethyl. The residual brominated product is 
strongly acid, decomposes with evolution of bromine when. heated, and 
cannot be obtained pure. When recently precipitated oxide of silver is 
added to it, till the acid reaction disappears, and the liquid is then 
filtered, a solution free from bromine is obtained, containing a silver 
salt, which, when freed from silver by sulphuretted hydrogen and 
evaporated, leaves an acid syrup. This acid forms, with ammonia,, a 
salt which crystallises well and is precipitated by basic acetate of lead, 
— with other bases, it forms uncrystallisable salts. (Hlaslwetz, Ann . 
Pharm. 119, 281.) The acid hero formed is isobigly colethylenic acid. 
(Barth & Hlasiwetz, Ann. Pharm. 122, 96 ; — see below p* 232.) 7 1. In 

chlorine gas milk-sugar turns red and afterwards black, giving off 

t hydrochloric and carbonic acids. From the aqueous solution of the 
residue, alcohol precipitates unaltered milk-sugar. By passing chlorine 
gas through a warm concentrated aqueous solution of milk-sugar, a 
liquid containing hydrochloric acid is obtained, which deposits crystals, 
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having’ the appearance of milk-sugar, bat nu acid reaction, (Bouillon 
& Vogel.) 


8. With strong vi'inr arid, milk-sugar forms, not xylo’idin, hut a 
very hitter substance (Braconnot). — .Heated with many times its 
weight of moderately dilute ni trie acid, it is decomposed, with formation 
of mucic, saccharic, tartaric, oxalic and carbonic acids, and the decompo- 
sition-products of nitric acid. 

When 1 pt. of milk-sugar is heated with 2i pts, nitric acid of sp. 
gr. 1*32 and 2} pts. water till it dissolves, carbonic acid is briskly 
evolved, together with the decomposition-products of nitric acid, and 
if the heating be continued, mucic acid separates. The mother-liquor, 
after the addition of £ of the quantity of nitric acid used at the com- 
mencement, gentle boiling, and concentration, yields an additional 
quantity of mucic acid, the total quantity amounting to •?- of the 
weight of the milk-sugar. The remaining mother-liquors and wash- 
waters boiled, with frequent addition of nitric acid, as long as samples 
taken out turn brown when supersaturated with potash-ley, contain 
tartaric acid (probably formed by decomposition of the saccharic acid : 
Liebig ), also oxalic acid and a small quantity of saccharic acid, which 
last is present in greatest quantity immediately after the separation 
of the mucic acid, (Liebig, Ann. Pharm. 113, 1.) The tartaric acid 
appears to exist in the nitric acid solution as motatartaric acid (x. 327), 
and only afterwards to be converted into crystallisable tartaric acid. 
(Erdmann, J. pr, Chem. 79, 135.) The mucic acid is produced in 
greatest quantity when dilute nitric acid is used and the liquid is not 
very strongly heated, whereas carbonic and oxalic acid are produced 
in proportion as the mucic acid diminishes. (Liebig*, Fogg. 31, 349.) 
When nitric acid containing hydrochloric acid is heated with milk- 
sugar, a volatile cyanogcu-compound is given off (Liebig). 

Nitric acid acts on milk-sugar in two ways. a. It converts the 
greater part of the milk-sugar into mucic acid, which then undergoes 
further decomposition, yielding tartaric acid. — b. The smaller portion 
of the milk-sugar is converted by the nitric acid, as by other acids, 
into grape-sugar, and then (like the latter) yields saccharic acid, 
which also, by the continued action of the nitric acid, may bo trans- 
formed into tartaric acid (Ileiutz, Ferl. A lead. Far. 2G3; Chem. 

Centr . 18 GO, 72G). But dilute acids convert milk-sugar, not into 
grape-sugar, but into lactose, and tins compound treated with nitric 
acid yields, not saccharic acid, but mucic acid in twice the quantity of 
that yielded under the same circumstances by milk-sugar (Kr.). 

When milk-sugar is treated with nitric acid, as for the preparation 
of mucic acid, the dextro-rotatory power of the solution is increased to 
pf T of its original amount then diminishes and vanishes altogether, but 
the liquid after a while again acquires dextro-rotatory power equal to 
£ of the original amount, which, however, likewise vanishes, if the action 
of the nitric acid is continued, without reappearing. (Dubrimfaub.) 

When milk-sugar is heated with 1 pt. of water and nitric acid, 
of 30° B., the solution, whose formation is attended with evolution of 
carbonic acid and nitrous gas, leaves when evaporated a yellow mass 
(soluble in bot but not in cold alcohol, and precipitated from the hot solution in the 
form of a yellow powder), which contains neither oxalic nor malic acid, and 
does not precipitate baryta-water, lime-water, or neutral acetate of 
lead, (Bouillon & Vogel) 
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Hcintz’s view that the tartaric acid of milk-sugar proceeds from 
the mucic acid is incorrect, because mucic acid, which is optically in- 
active, yields racemic acid when treated with nitric acid, whereas 
milk-sugar yields dcxtro-tartaric acid with only a slight admixture of 
racemic acid (Carlcn, Co nipt. rend. 53, 343). 

9. Oil of vitriol poured upon milk-sugar colours it brown and chars 
it at 100°. — .Dilute sulphuric acid leaves milk-sugar unaltered in the 
cold, even after several weeks’ contact ( Bensch), but at higher tempera- 
tures, increases its rotatory power by t 3 q, and converts it into a pecu- 
liar fermentable sugar (Pasteur’s Lactose ), and partially into a dextro- 
rotatory, non-f ermentablc substance (Dubrunfaut). — The lactose thus 
produced was formerly regarded as grape-sugar, till Bouchardat 
pointed out the difference between the two. (Berthelofs Chim. organ. 
2, 240). — The liquid, if brought into the fermenting state at the 
moment when the rotatory power has increased to ff of its original 
amount, is capable of yielding a quantity of alcohol equal to 87 per 
cent, of the crystallised milk-sugar ; if the heating with dilute sul- 
phuric acid be continued, no alteration of the rotatory power takes 
place, but the sugar decomposes. (Dubrunfaut.) According to Persoz 
( J . Chim. mcd. 9, 4-19 ; Bevz. Jahrcsber. 14, 380), the rotatory power of 
milk-sugar is increased by addition of acids, diminished by boiling, and 
is smallest when the milk-sugar has become fermentable. 

10. When milk-sugar is covered with nitrosulphuric acid , and the 
solution is precipitated by water, a compound (nitrolactule) is formed, 
which detonates at 75° (Rcinsch), not below 100° (Yohl), crystallises 
from alcohol in nacreous laminae, does not give up its crystallisation- 
water at 100°, but when its alcoholic solution is boiled for some time, 
parts with its water, takes up alcohol and becomes amorphous (Yohl, 
Ann. Pharm. 70, 368 ; Rein sell, Jahrb. pr. JPharm. 18, 102). The nitro- 
compounds formed from milk-sugar behave when heated like ternitro- 
duleite. (Bechamp, Compt. rend. 51, 258.) 

11. With concentrated hydrochloric acid, milk-sugar becomes brown 
and black, and by boiling with the dilute acid, it is converted into 
ordinary sugar. (A. Vogel) — 12. Triturated with glacial phosphoric 
acid , it turns red but does not carbonise (A. Vogel, J. Pharm. 1, 199) ; 
with moist arsenic acid , it bums brown. (Eisner.) With arsenmis acid 
it behaves like cane-sugar. (Baumann.) — 13. By boiling with aqueous 
iodic acid , it is slowly oxidised. (Millon, Compt. rend. 19, 271.) — 14. 
When triturated with 2 pts. chlorate of potash, it is set on fire by oil of 
vitriol. (Bouillon & Vogel.) 

15. Acetic acid does not convert aqueous milk-sugar into grape- 
sugar (lactose) even when heated (A. Yogel ; Struckrnann & Bodeker, 
Am. Pharm . 97, 152).— When milk-sugar is heated for 50 — 60 
hours to 100° — 120° with glacial acetic acid , butyric add or tartaric acid , 
water is eliminated, and compounds are formed analogous to those 
produced under similar circumstances by grape-sugar. (Berthelot, 
N. Ann. Chim. Phys. 54, 82 ; and 60, 98.) 

When tartaric acid is heated with milk-sugar and the product is 
treated in the manner described under “ Dulcite,” two compounds are 
obtained under slightly different circumstances, a. Galactoso-tetratar - 
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iaric acid 0 44 II 30 0 54 is produced, wi 1,1 1 elimination of 5 at. water, from 
1 at. milk-sugar amU at, tartaric acid, C 12 'I L n 0 u + 4(j 8 .I R) 12 --5110. 
The lime-salt. of this acid gives off 19*2 p. o. water at .1 10°, ami thou 
contains 27*8 p. c. 0., 5*2 If, and 17*2 p. c. lime, corresponding to the 
formula, 0 M II 24 0a ft 0 cl + 10 Aq. (calc. 28*3(1, 8*0 11 ami I8*0(la0). - 
1). Tritjulttcto-tcirattwtarfc (wid (l^II'H) 70 , produced, with (elimination ot 
,11 at. water, from 0 at. milk-sugar and I a t. tartaric acid, 3(J 18 1 HR) 11 + 
40 8 !.l (i 0 w — J 1.1 10. Its lime-salt (which reduces poiassio-eupric I a it rale 
and yields witli nitric, acid a large quantity of mueio acid) contains, 
when dried at 110°, 81 * 1 j). c. 0, .1 *5 LL and 9*2 limn (0 nH UH)u; t O 7w + 
10 aq. = 04*60, 4*441, t)*50a()) (Berlhelot, N. Atm. Glum. Pin/, s. 51, 82 ; 
abstr. Cm apt. rend. .1 5, 268; J. jtr. Chau. 70, Id!) ; Chum. Cnz. 1857, 
4 11). In this Memoir, Borthelot ^ives for ^a)actoso*totrntartaric arid and its lime- 
salt, the formulai C“-Il J,i O“' s and C-“lP H (!i» a 0 2,s ,‘i NO, and for trufalaetcwtetratartane 
add and its lime-salt, and (^dl^Ca-’O-^UO. The formuhe (them; given are 

from Borthelot/s (JhimU* orymhpiv 2, 290. 

16. Milk-sugar healed in a scaled tube with (U/neovs ammonia , yields 
a Drown nitrogenous product, corresponding to that obtained in like 
manner from cane-sugar. (t\ Thcnard, Bull, Mac. Chim. Parte, 1861, 42.) 

17. Milk-sugar heated with potassium or sodium, carbonises with 
faint glow, and converts the metal into alkali. (Gay-Lussac & Thcnard.) 

18. Crystallised milk-sugar triturated with an equal weight o [potash* 
hydrate remains unaltered; but on adding half its weight of water, the 
mass becomes heated to 115°, and a brown solution is formed, contain- 
ing carbonic acid, acetic acid, and a brown, somewhat bitter substance, 
which, is insoluble in alcohol and ether, deliquesces in the air, is deco- 
lorised by chlorine, and forms precipitates with tin, lead, mercury, and 
silver salts. (Bouillon & Vog'dJ. — When milk-sugar is heated to 100° with 
excess of alkali, st. alkali is saturated by 1 at. milk-sugar (C M ). (Dubrcmfiiut.) 
When more strongly heated with 4 or 5 pis. hydrate of potash and a 
small quantity of water, it is decomposed, with evolution of hydrogen 
and formation, of oxalic acid. (Gay-Lussac, Ann, Chim. Phys. 41, 81)8.) 
Malic-sugar triturated with potash-hydrate and water, forms, with 
rise of temperature, a brown liquid from which, alcohol throws down 
a thick brown, syrup, while ace la to of lime rental ns in solution. (Sec 

also Combinations, [». 225.) 

19. Milk-sugar is not altered by pemmmyanate of potash. (Monier, 
CompL rend . 46, 425; J. pt\ (Jhm. 78, 478.) 

20. Aqueous milk-sugar mixed with evpriti sulphate [hydrate (Bee- 
querel, Ann. Chim. Phys. 47, 17 ; Bars, Jahresbtr. 12, 821),' Morula or 
aeetate (Baumann)], then with excess of potash -hydrate, yields [if at 
least 2 at. milk-sugar (O ia IL ll O u ,IIO) are present for every 5 at. cupric 
oxide (Stiidolor & Krause)], a deep blue, clear solution, which, when 
heated, deposits cuprous oxide (Trommer, Atm. Pharm. 39, 860); if 
the cupric oxide is in excess, the milk-sugar is converted into galactic 
acid; with an insufficient quantity of cupric oxide, poctolactic add 
is likewise formed (Bodeker & Btruckmaun, Am. Pharm. 100, 264 ; 
J. pr. Chcm. 70, 420.) 

Cupric acetate and nitrate are reduced by milk-sugar at the boiling 
heat, even without addition of potash (A. Vogel, Buchner) ; according 
to Baumann, the acetate is not thus reduced. With the nitrate, 
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according to A. Vogel & Buchner, — with cupric hydrate and potash 
according to Becquerel, metallic copper is produced as well as cuprous 
oxide. — From cyanide of copper and potassium , milk-sugar does not 
separate cuprous oxide (Baumann). 

When tartaric acid is added to the solution of cupric sulphate in 
such proportion that, on supersaturating with potash, the whole remains 
dissolved, and no cupric or cuprous oxide is separated on boiling (for 
which, according" 1 to Stiideler & Krause, 3 at. tartaric acid are required 
for every 1 at. cupric oxide), then also 8 at. hydrate of potash, milk- 
sugar does not precipitate any cuprous oxide from the solution at the 
boiling-heat. If 1 at. more of potash-hydrate be added for each 1 at. 
cupric oxide, and the solution containing milk-sugar be then heated to 
C0°, the liquid becomes turbid and deposits a yellowish precipitate, 
which acquires a dingy orange-colour on boiling; ifc is not till the solu- 
tion contains 3 at. free alkali to 1 at. cupric oxide that it yields, when 
heated with milk-sugar, a precipitate of cuprous oxide, which rapidly 
falls to the bottom (Stiideler and Krause). 

From these or similarly prepared solutions (see Glucose ), 1 at. milk- 
sugar (C 12 Il n O u ,IIO) reduces 7 at. cupric oxide (Kigaud, Ann. Pham . 
90, 297; Stiideler & Krause ; Scliiff, Ann. Phew m. 104, 330). Accord- 
ing to earlier determinations by Bodckcr (Ah Zeitsch. f. rat . Med. G, 
201 ; Kopp's J ahresber. 1858, 818), 1 at. milk-sugar reduces 7*5 at. 
According to bis later determinations (Ann. Pharm. 100, 2G4), it reduces 
GA at. cupric oxide. The quantity of oxide reduced is iniluenced by 
the duration of the boiling, and varies between 7*02 and 7*9 (> at. 
Henco, for the estimation of milk-sugar, by means of potassio-cupric 
tartrate, it must be converted into grape-sugar (lactose) (Folding, 
Ann. Pharm. 104, 79). On the estimation of milk-sugar by means of potassio- 
cupric tartrate, see also Poggiale (Comp. rend. 28, 505 ; J. pr. Chem. 47, 13) ; 
Neubauer (2V. Br. Arch. 72, 277). 

21. When aqueous milk-sugar is heated above 60° with oxide of lead , 
it becomes brown and empyreumatxc. (Berzelius.) — 22. Aqueous 
milk-sugar boiled with mercuric oxide reduces it but partially to mercu- 
rous oxide (A. Vogel), but after addition of potash, to metal. (Bcc- 
querel.) It does not alter mercurous nitrate (Baumann). — 23. Nitrate 
of silver and nitrate of argent ammonium are reduced by heating with 
aqueous milk-sugar; with bichloride of platinum, on addition of ammonia, 
a deep red precipitate is obtained. (Baumann.) 

24. Milk-sugar is not brought into the state of vinous fermenta- 
tion by small quantities of yeast, but with larger quantities it ferments, 
at 30°, less quickly than grape-sugar, yielding alcohol and carbonic 
acid. Yeast does not cause milk-sugar to ferment. (Fourcroy & Vauquelin, N. Gehl, 
2, 646 ; Buchhols, Schw. 4, 350 ; Rouiilon-Lagrange 3c Vogel.) In a mixture of 
milk- and grape-sugar, yeast decomposes the latter, while the milk-sugar remains unal- 
tered. (Berthelot, N. Ann. Chim . Phys. 50, 363.) Milk-sugar dissolved in water, 
together with its own weight of yeast, begins to ferment at 30° (Cagniard de Latour, 
Inst. 237, 224); mixed with IS'S p. c. of its weight of washed upper yeast ( Oberhefe), 
it yields between 12° and 25°, alcohol and saccharic acid. (Sckill, Ann. Pharm. 
31, 132.) 

The milk-sugar in whey ferments spontaneously after a while ; 
the fermentation may also be induced by addition of casein, the pro- 
ducts being lactic acid, alcohol, and carbonic acid. For details on the lactous 
fermentation, see Cane-sugar, also xi, 473. 

Milk likewise ferments spontaneously, and without addition of 
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yeast, and yields alcohol (Tfowsky, Aim. 1783, 05 ; Oagniard do 
Latour), still more on addition of milk-sugar (Hess, Pogg. 41, 104; 
Ann, Pharm. 21, 158). Hpir.it prepared by the spontaneous fermenta- 
tion of mare’s milk in sheep-skin bags, and subsequent distillation, is the 
kmm of the Kalmucks (comp. G. Rose, Pogg. 32, 210), In this formen- 
tation PoggendorH (Pogg. 02, 200), I>on iron & if re my (/V, Ann. . (Jhim. 
Phys. 2, 257), and others suppose that the formation of the alcohol is 
preceded by conversion of the milk-sugar into grape-sugar. — The 
ferment which, induces the spontaneous fermentation of milk is like- 
wise found in milk which lias been curdled out of contact with the 
air; when decomposed by beating to 150°, it is reproduced on expos- 
ing the liquid to the air. (Hoppe.) 

Milk-sugar fermented by contact with putrid casein or glutin at 
15° — 20°, yields alcohol. (Soliill.) Milk-sugar mixed with cheese 
and chalk, or with the tissue of the pancreas, yields alcohol and lactic 
acid, together with a peculiar jelly, but no mannitc. (Berthelot.) In 
the fermentation of whey, whether spontaneous, or induced by yeast, 
cheese, or a mixture of cheese and chalk, alcohol is obtained as well 
as lactic acid, but in variable quantity, and less if the acid is neutra- 
lised as fast as it is formed. The more dilute the whey, the more 
does the alcoholic fermentation predominate; it is induced by the 
remains of the casein, which change to yeast, but soon become 
inactive. (Luboldt.) In this reaction the milk-sugar is not converted 
into grape-sugar (or lactose), but exists as milk-sugar in the liquid at 
all stages of the fermentation. (Berthelot; Luboldt, J. pr. Cham. 77, 
282.) When milk, after standing for 3 1 days, is precipitated with a 
large quantity of alcohol, and the filtrate, after evaporation to a 
syrup, likewise treated with alcohol, unaltered milk-sugar is precipi- 
tated, which could not therefore have been converted by the fermenta- 
tion into another kind of sugar. (Hoppe, Arch . pat-hoi. Anal. 17, 417 ; 
abstr. Kopp's Jahresber. 1859, 027.) In the solution of milk-sugar, 
brought into the fermenting state by cheese, yeast, or glutin, Soldi! 
formerly found grape-sugar. 

Washed calf’s rennet in contact with aqueous milk-sugar at 40°, 
forms lactic acid, without evolution of gas (Fremy, /. Pharm. 25, 5 IK) ; 
Ann. Pharm . 31, 188) ; also the expressed j nice of brown cabbage or 
fresh geranium -leaves, after addition of chalk. (Wackenroder.) White 
of egg scarcely alters a solution of milk-sugar mixed with chalk, in 
six weeks, but if coagulated and turned sour under water, it produces 
lactic acid. (Waekenroder, N. lh\ Arch. 445, 257.) 

25* In contact with Sehunck’s crythrozpn (from madder), milk-sugar 
ferments, producing carbonic acid, hydrogen, alcohol, formic add, 
acetic acid, and succinic acid, and generally the same products that are 
obtained from cane-sugar. (Solum ek, Phil. Mag. J, [4], 8, 101 ; J. pr. 
Ckam. 03, 222.) For further details see Catie-sugar, p. 267. — 20. Milk-sugar is 
not altered by gastric juice. (Hoppe.) Oil the decompositions in the intes- 
tines, blood, and pancreatic juice, see Handbuch viii, Zoochem. 553 and 580. 

Combinations. A. With Water, a. Crystallised Milk-sugar. — - 
Colourless or white crystals belonging to the right prismatic system. 
Hardness between rock-salt and ealespar. Grates between the tooth* 
Bp. gr. 1*534 (Schabus) ; 1*543 at 13*9°, (according to Joule & Playfair). 
Its taste is slightly sweet and rather sandy. Dextro-rotatory 
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power [cc]j = 56*4°, vid. inf„ p, 245. For the expansion, according to 
Playfair & Joule, sec Chem. Soc. Qn. J. 1, 121 ; Lkb. Kopp. Jahresber. 
1847— 1848, p. 57. 

The crystals are hemihedral and hemimorphouB. Of the rhombic 
octahedron, a (fig. 41), the upper half is altogether wanting* ; of the 
lower half, only the face a and its opposite to the right behind are 
present, together with the pairs of faces t and m (fig. 53) and the 
horizontal face ii from figure 52. In these latter, the faces of the upper 
half are more strongly developed than those of the lower half, whereas 
with the 2-faees, the contrary is the case. The face t is mostly curved, 
and in the larger crystals, striated parallel to the combination-edge 
with ii, which latter is also striated parallel to its combination-edge 
with m ; hence the measurements are only approximate ; a : a over t 
= 23° 22'; a: m = 109° 1 '; a: t - 101° 41'; ii : ii over t = 
39° 18' obs., 38° 6' calc.; ii : t = 109° 39'; ii : m — 160° 21' obs.; 
160° 57' calc. The differences between these angular data and 
those given by Rammelsberg, arise from Kammelsberg having 
used somewhat different parameters for the faces ii. — Cleavage 
parallel to m. The faces t , ii, and m, have in the larger crystals, a 
splendid mother-of-pearl lustre, which, in the smaller crystals, inclines 
strongly to vitreous; cc with unctuous or mother-of-pearl lustre. 
(Schabus, Bestimmang , 49; Bammelsberg’s Nad drag, 219.)* 

Permanent at mean temperatures and at 100° ; gives off its water 
slowly at 130°, more quickly between 140° and 145°, amounting on the 
average to 5-08 p. c. (1 at. = 5*00 p. c.) and is converted into anhy- 
drous milk-sugar. 


At mean temperature or at 100°. 


Liebig. 

Berzelius. 

12 C 

72 

... 40*00 ... 

39*36 

.... 38*73 

12 H 

12 . 

... 6*66 ... 

6*67 

.... 7*16 

12 O 

96 . 

... 53*34 ... 

53*97 

.... 54*11 

C l ^H u O u ,HO 

180 ., 

... 100*00 ... 

100*00 

.... 100*00 


& Thenard. 

Berthollet. 

Prout 

Stadeler & Krause. 

n 7. 

Dubrunfaut, 

C 38*02 .... 

41*13 

.... 39*15 ... 

39*68 ... 

40*07 . 

39*70 

H 7*34 .... 

6*76 

.... 6*67 ... 

6*77 ... 

6*70 . 

6*67 

O 54*64 ... 

52*11 .... 

.... 54*18 ... 

53*55 ... 

53*23 . 

53*63 

100*00 .... 

.... 100*00 

... 100*00 .... 

100*00 ... 

100*00 . 

100*00 


a. Air-dried; b. dried at 100° (Stadeler & Krause). 


b. Aqueous Milk-sugar . — Crystallised milk-sugar is slightly hygro- 
scopic. It dissolves in 5 or G pts. of cold and in 2*5 pts. boiling water ; 
according to Guerin- Yarry, in 9 pts. water at 20°, and in 1 part boiling 
water. The saturated solution produced by prolonged contact of 
water with excess of milk-sugar at 10°, has a density of 1*055 and 
contains 14*55 p. c. of crystallised milk-sugar. When left to evapo- 

P 

* The formula of the crystals, according to Naumann’s notation, is oo P oo *|- 

O V P 

oP . 2P oo , Inclination of oP t 109° 39'; oP : - = 101* 41. Ratio of 

axes, a : l: c« 0*6215; 1 ; 0*2193. (Schabus.) 

VOL. XV. Ct 
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rate, it begins to deposit crystals as soon as it attains the density of 
1 *060 and contains 21*64 p. c. milk- sugar. (Dubrunfaut.) When milk* 
sugar dissolves, heat is evolved, according to Pnbrunfant; according 
to Fold {J. pr . Clum. 82, 154), 175*2 grin, milk-sugar dissolved in 
1*051 kilogs. water at 1 6*5 lowers the temperature to 15*62°. Tiro 
dextro-rotatory power of a recently prepared aqueous solution of milk- 
sugar is greater in the ratio of 8 to 5 than that of the same solution 
after standing for some time or after being heated. The rotatory 
power diminishes slowly at 0°, more quickly on heating, and in two 
minutes at the boiling heat, to that of [a] j = 56° 4' for crystallised 
milk-sugar. (E. 0, Erdmann, Lid). Kopp. Jahrcsher. 1855, 671 ; Dubrun- 
faut.) A warm saturated solution of milk-sugar, kept for 10 minutes 
in a sealed tube crystallises when the tube is opened, and partially 
when the temperature is raised from — 10 to + 18°. (Liebcn.) 

B. With A rich. — Pulverized milk-sugar absorbs hydrochloric acid pas 
turning slightly grey, and if oil of vitriol is afterwards poured upon it. 
gives off hydrodih >vie acid with violent effervescence. Aqueous hydrochloric 
acid dissolves milk-sugar more freely than pure water. (Bouillon & Vogel.) 

0. With Bases. Milk-sugar unites with bases, giving off water at 
the same time (Berzelius, Brendeoke). With aqueous alkalis or alka- 
line earths, if the temperature be kept low and the action not too long 
continued, compounds of milk-sugar may he formed which have less 
rotatory power than the milk-sugar contained in them, yield unaltered 
milk-sugar when decomposed, and contain 3 at. potash or soda to 1 at. 
milk-sugar, C 1S 1I U 0 11 (Dubrunfaut, vid. inf.). 

Milk-sugar absorbs 12*4 per cent, ammonia-pas , of which 5*8 per 
cent, volatilises after exposure to the air for two hours, the rest 
remaining more intimately combined (Berzelius). 

Potmsiuni-mnpound. — The solution of 1 pt. potash -hydrate in 3 pis. 
water dissolves 7 pis. of milk-sugar, and yields a precipitate wi(h 
alcohol after dilution with a small quantity of water. The lloeculeut, 
strongly alkaline precipitate, easily soluble in water, is decomposed by 
carbonic and other acids, with separation of milk-sugar. (Brendecke.) 

Sodium-compound. — The solution of 1 pt.. soda-hydrate in 3 pin. 
water dissolves from 20 to 21 pts, milk-sugar and is thou precipitablo 
by alcohol (Brendecke). 

Brendecke. 

NaO 31 8*12 8*3 

C M H 23 0 23 351 91/88 

C 2qiffi 0 22 3 NaO^[0.:. 382 100*00 

Milk-sngar does not unite with common salt (Stadeler 8c Krause), 

Barium-compound. — Milk-sugar is triturated with baryta- water, and' 
the filtrate precipitated with alcohol. Contains 40*00 per cent, baryta, 
and is therefore 0 24 II 22 (F, 2BaO (calc. 40*15 BaO) (Brendecke). * 

, Calciwn-compoimd.~Mi\Wmg&T forms, with lime, a soluble com- 
pound containing equal numbers of atoms of lime and milk-sugar 
(C w Il n O n ) and an insoluble basic compound which is obtained by treating: 
milk-sugar with a large quantity of dry hydrate of lime (Dubrunfaut). 
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When aqueous milk-sugar is added to milk of lime till the latter is 
nearly dissolved, alcohol throws down from the filtrate a precipitate 
containing 15*7 per cent, lime (Brendecke.) The solution of lime in 
milk-sugar deposits, on exposure to the air, crystals of quinto-hydrated 
carbonate of lime (Pelouze, Ann. Chim . Phys. 48, 307). 

Lead-compound. — When milk-sugar is digested with oxide of lead' 
and water at 50°, a soluble compound is obtained, together witli 
another suspended in the liquid. The latter, obtained by filtration in 
air free from carbonic acid, is gummy, becomes grey and translucent 
when dry, turns yellow and gives off water at 100°, and then contains 
63*52 per cent. PbO. The solution, which has a sweet, alkaline, 
astringent taste, leaves, when evaporated in vacuo, a yellow gum 
soluble in watei', and containing 18*12 per cent. PbO. Frmn its solu- 
tion, ammonia precipitates the insoluble compound (Berzelius, LeJirh. 
3 AufL 9, 690). Dubrunfaut doubts whether these compounds still 
contain unaltered milk-sugar. 

Milk-sugar hinders the precipitation of ferine salts by alkalis. 
(PL Bose.) On the compound with cupric oxide., vid. sup . 

Milk-sugar dissolves readily in distilled vinegar , and crystallises 
unaltered on evaporation (Bouillon & Vogel). 

Milk-sugar is insoluble in alcohol and ether . 


Appendix to Milk-sugar. 

1. Lactose. 

C 12 H w 0 12 . 

Pasteur (1856). Compt . rend. 42, 347; Inst. 1856, 91; J. pr. Chem. 

68, 427; Chem.Cmtr. 1856, 253. 

Gallactose (Berthelot), Mucoglucose, — According to Berthelot, Bouchardat was 
the first to distinguish lactose from grape-sugar. — Lactose is perhaps identical with the 
sugar produced by boiling gum with dilute acids (p. 199). (Berthelot, Ghim.org \ 
2, 249).- — E. O. Erdmann (Lieb. Kopp. Jahresber. 1855, 672) likewise recognised the 
peculiar properties of lactose before Pasteur. 

Milk-sugar is boiled for several hours with 4 pts. of water and 
2 per. cent, oil of vitriol, the liquid neutralised with chalk, the filtrate 
evaporated to a syrup, and then left to crystallise. 

Lactose crystallises more readily than grape-sngar, in nodules 
consisting of microscopic, limpid, rectangular prisms acuminated’ at the 
ends,— more generally of six-sided, round-edged laminae having a pea- * 
shaped protuberance in the middle. Dextro-rotatory power [a]j = 
83*22° at 15° ; in the recently-prepared solution it is stronger [f} j = 
139*66°, but sinks to the former magnitude slowly at ordinary tempe- 
ratures; instantly On boiling. 

Lactose yields with nitric acid twice as much mucic acid as milk- ’ 
/sugar. — From an alkaline solution it reduces as much cupric oxide as ' 
J grape-sugar. — It ferments in contact with yeast. If the fermentation *■ 

V / Q 2 
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be interrupted before it is complete, the liquid still contains unalteied 
lactose, which therefore has not undergone any division or further 
alteration during the fermentation. In this fermentation, the same 
products are formed as in the fermentation of cane-sugar. (Pasteur, 
A r . Ann . Chim. Ph?/s. 58, 356.) _ 

Lactose dissolves in water. It does not combine with chloride of 
sodium, and dissolves but very sparingly in cold alcohol. 


2. Lactocaramel. 

G 2i H 20 O ao or C u H I0 O'°. 


A. Liebek. (1856.) Wien. Akctd. Ber. 18, 180; J.pr. (them. 68, 407 ; 

Chenu Centr. 1856, 548. 

Anhydrous Milk-sugar (Berzelius, Lehrb. 3 Aufl. 9, 690). 

Formed, together with variable quantities of anhydrous milk-sugar 
and a substance insoluble in water, by heating milk-sugar to between 
170° and 180°. 

Milk-sugar is heated for several hours to 180° ; the pulverised 
residue is exhausted with boiling alcohol ; the insoluble portion which 
has deliquesced to a syrup, is dissolved in water ; and the filtrate is 
evaporated. 

Dark brown, brittle, shining mass, becoming, after trituration, of a 
lighter brown than caramel. 

at 100°. Lieben. 

24 C 144 44*44 44*36 

20 H 20 6*17 6*26 

20 O 160 ........ 49*39 49*38 

C^O 20 324 100*00 100*00 

Lacto-caramel is converted by heat into a substance insoluble in 
water, gradually at 170°, more quickly at temperatures above 200°. 
This insoluble substance is likewise produced in the preparation of 
lacto-caramel. It dissolves in nitric acid, partially in potash-ley, and 
is precipitated therefrom as red-brown powder by hydrochloric acid. 
It is quickly decomposed by dilute sulphuric acid and bichromate of 
potash^ with formation of chromic oxide. 

Lacto-caramel dissolves readily in water and is precipitated as a 
brown gum by alcohol. 

Aqueous lacto-caramel does not precipitate baryta- water. 

Lead-compound. — Aqueous lacto-caramel precipitates from, ammo- 
niaca! sugar of lead a coffee-coloured powder, which when treated with 
cupric acetate forms the copper-compound of lacto-caramel. It dis- 
solves readily in acids, but is insoluble in water and in alcohol. 

Copper-compound. — Aqueous protochloride of copper is mixed in 
the cold with a large excess of concentrated soda-ley, and the mixture 
is precipitated with aqueous lacto-caramel. — The compound is also 
produced when aqueous cupric acetate is poured upon the lead-coin- 
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pound of lac to- caramel. — Olive-green powder which gives off 3*55 p. c. 
water at 100°, and 7*85 p. c. at 150°, acquiring a darker colour, and 
blackening' at’ a higher temperature. — It is nearly insoluble in water. 
By boiling it for some time with water, a solution is obtained, which 
does not yield the compound by evaporation, but on addition of alcohol 
deposits green flocks, easily soluble in water. 




In vacuo. 


Lieben, 

24 

C 

144-0 

.... 34-17 .... 

34*26 

22 

H 

22-0 

... 5-22 .... 

5'19 

22 

O 

176-0 .... 

.... 41*77 .... 

42-68 

2 

CuO 

79-4 

.... 18-84 .... 

17*87 


C 2t H- 2 Cu 2 0 24 .... 

.... 421*4 .... 

..... 100*00 ... 

100-00 


a*150°. 


Lieben. 

24 C 

144*0 .... 

37*36 ... 

36-74 

18 H 

.... 18-0 .... 

4-67 ... 

4*69 

18 0 

.... 144*0 .... 

.... 37*37 ... 

38-79 

2 CuO 

.... 79-4 .... 

.... 20-60 .... 

19-78 

OTPWO 20 

385*4 ... 

100*00 ... 

..... 100*00 


3. Gallactic Acid. 

C 14 H B 0 9 or C 29 H 10 0 18 ? 

Bopeker & Strtjckman^. Ann. Pharm . 100, 264 j J. pr. Chem. 70, 

414. 

Produced when milk-sugar is oxidised by cupric oxide in an alkaline 
solution. 

200 grin, milk-sugar are dissolved, together with 1200 grm. cupric 
sulphate in warm water ; soda-ley is added till the precipitate at first 
produced is redissolved ; the liquid is heated to boiling and filtered 
from the precipitated cuprous and cupric oxides ; and the filtrate is 
evaporated till as much as possible of the sulphate of soda has been re- 
moved by crystallisation. The mother-liquor is precipitated with ace- 
tate of baryta, freed from humoid substances by the addition of a small 
quantity of neutral acetate of lead, and after filtering, mixed with excess 
of that salt, whereby gallactate of lead is precipitated, — whereas, if 
the quantity of cupric sulphate added is insufficient for complete oxida- 
tion, pectolactic acid (p. 231) remains in solution and may be precipitated 
by basic acetate of lead. From the washed gallactate of lead, the acid 
may be separated by decomposing the salt with hydrosulphuric acid 
under water, evaporating the filtrate, redissolving in alcohol, and again 
evaporating. If the product is still contaminated with residues of soda, baryta, or 
pectolactic acid, it must be reprecipitafced with neutral acetate of lead, and the precipi- 
tate decomposed as above. 

Pale yellow, inodorous, strongly acid syrug. 

Heated on platinum-foil, it smells like burning malic acid, takes fire 
and leaves a residue of charcoal. — Not altered by potasm-ciprio 
tartrate. 

Soluble in all proportions in water . 



230 


CARBO-HYDRATES OT^O", 


With, bases it forms the gcdlactates. These salts, according to 
Bodeker & Struckmann, are hibasic, C 14 H 3 M 2 0», amorphous and mostly 
deliquescent. 

The aqueous acid does not precipitate : baryta-water, the hydro- 
chlorates of lime, baryta, zinc-oxide, ferric oxide and mercuric oxide, 
or cupric sulphate, or nitrate of silver; but from ferric acetate , it throws 
down a red-brown, and from mercurous or mercuric nitrate , a white 
precipitate. 

The Qallactates of Ammonia , Potash , Soda and Baryta are deli- 
quescent ; they remain, when their aqueous solutions are evaporated, 
as amber-yellow amorphous masses, and are precipitated from their 
aqueous solutions by alcohol, in white flocks which deliquesce on 
standing, 

Gallactate of Lime . — Aqueous gallactic acid is digested with 
pounded marble or neutralised with milk of lime, and the filtered 
solutions are precipitated with excess of lime-water. — White flocks, 
forming when dry, a pale yellow powder. Dried over oil of vitriol, it 
contains 24-5 p. c. lime (C 14 H 3 0 7 ,2Ca0 + 3aq. = 24*78 p. c. CaO), gives 
off 13*28 p. c. water at 110° (calc. 11*95), and then contains 28*26 
p. c. CaO (C 14 H 3 0 7 , 2CaO = 28*14 p. c.). 

Gallactate of Lead. — Heavy white powder. 

Over oil of vitriol. Bodeker & Struckmann. 


14 C 

.... 84*0 . 

... 19*98 

19*83 

9 H... 

90 . 

... 2*14 

2*11 

13 O 

.... 104*0 . 

24 74 

24*11 

2 PbO 

.... 223*4 .. 

... 53*14 

53*95 

C I4 H : '0',2Pb0 + 6aq 

.... 420*4 . 

... 100*00 

100*00 


at 120°. Bodeker & Struckmann, 

14C 84*0 .... 21*35 21*22 

6 H 6*0 .... 1*53 1 48 

10 0 80*0 .... 20*33 19*58 

2 PbO 223*4 .... 56*79 57*72 

C 14 H 8 0 7 ,2Pb0 + 3aq 393*4 .... 100*00 100*00 

So according to Bodeker & Struckmann, 

Gallactate of Copper. — Obtained by double decomposition as a 
light-blue gummy precipitate. 

^ Mercurous Gallactate . — From mercurous nitrate and the aqueous 
acid. Dissolves with difficulty in dilute nitric acid. 

Mercuric Gallactate. — Precipitated from the aqneous acid by 
mercuric nitrate, as a white amorphous body, pale yellow when dry. 
After drying over oil of vitriol, it contains 55*03 p. c. HgO, gives off 
7*92 p. c. water at 110°, and then contains 59*77 p. c. mercuric oxide 
(G 14 H 3 0 7 ,2Hg0 + 3aq. = 55*96 p. c. HgO, 7*00 HO, and 60*17 p. c. 
HgO in the dried salt). 

Gallactic acid dissolves in alcohol , but not in ether. 
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4, Pectolactic Acid. 

0 18 1H) 12 ? 

Bodeker & Struckmann. Ann. Pharm . 100, 264, abstr. J. pr. Ckem. 

70, 414. 

Obtained in tlie preparation of gallactic acid, especially when the 
milk-sugar is heated with an insufficient quantity of free alkali, and 
less cupric oxide than is sufficient to convert it completely into gallactic 
acid. Remains in solution after the gallactic acid has been pre- 
cipitated with neutral acetate of lead, is precipitated by basic acetate 
of lead, and obtained in the free state by decomposing' the washed 
precipitate with sulphuretted hydrogen, as described for gallactic acid 
(p. 229). 

Scentless, brown, acid syrup. After drying over oil of vitriol it 
retains 5 at. water, at 100°, 2 at. 

Over oil of vitriol. . Bodeker & Struckmann. 

16 C 96 .... 39*18 39*10 

13 H 13 .... 5-31 6-10 

17 0 136 .... 55*51 54-80 

C 16 H S Q 12 + 5aq 245 .... 100*00 100*00 

at 120°. Bodeker & Struckmann. 

16 C 96 .... 44*04 43*48 

10 H 10 .... 4*59 5*48 

14 0 112 .... 51*37 51*04 


C 10 H 8 O 13 + 2aq 218 .... 100*00 100*00 

From potassio-cupric tartrate , at the boiling heat, it reduces cuprous 
oxide. — It does not alter aqueous nitrate of silver in the cold, but 
colours it yellow on boiling, purple-red after addition of ammonia and 
precipitates the metal in the specular form. May not the acid have contained 
milk-sugar ? Kr. 

The pectolactates , according to Bodeker & Struckmann, are dibasic 
C lfi Il 6 M 2 0 12 ; those of the alkalis and alkaline earths are easily soluble 
in water, but with exception of the lime-salt, precipitablc by 
alcohol. The only pectolactate that has been obtained in the anhydrous 
state is the basic ferric salt. 

Pectolactate of Baryta. — Obtained by neutralising the acid with 
baryta-water, and precipitating with alcohol, as a sticky mass, changing 
to a white powder when absolute alcohol is poured upon it. After 
drying over oil of vitriol, it gives off 5*75 p. c. water at 100°. Pried 
over oil of vitriol it contains, on the average, 21*77 p. c. C., 3*61 H,, 
and 36*89 BaO ; after drying at 100°, it contains 23*00 0., 3*00 II., and 
39*08 BaO. Bodeker & Struckmann assign to the former salt the formula 
C 16 E fi O 10 ,2BaO + 9aq. s to the latter, C 16 H 6 O 10 ,2BaO + 6aq. Calculation agrees with 
the analytical results so far as regards the baryta and hydrogen, but not for the carbon, 
because, according to B* & St., a portion of the latter remained unburned. 

Ferric Pectolactate . — Obtained by precitating ferric acetate with 
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pectolactate of ammonia, as a rust-coloured precipitate soluble in 
soda-ley. — a. Dried over oil of vitriol. Contains 60*8 p. c. Fc 2 0 3 , gives 
off 15*43 p. c. water at 120°, and is therefore C 1G II 6 0 10 ,6Fe 2 0 3 + 14aq. 
(calc. 60*91 Fe 2 G 3 , 15*81 aq.)-— 5. Dried at 100°. Contains 65*41 p. c. 
Fe 2 0 3 , gives off 9*1 p. c. water at 120°, and is therefore C 16 IT 6 O l0 ,CFe 2 O 3 ? 
-f 8aq. (calc. 65*39 Fe 3 0 3 and 9*81 aq.).— c. At 120°. Contains from 
71*4 to 72*4 p. c. Fe 2 0 3 , and is therefore C 16 H 6 0 10 ,6Fe 2 0 3 (calc. 72*51 
Fo 5 0 3 ) Bodeker & Struckmann. 

Pectolactic acid is soluble in alcohol , insoluble in ether. 


H 5. Xsobiglycolethylenic Acid, 

C 12 II 10 0 12 . 


Hlasiwetz (1861) Ann. Pkarm. 119, 281. 

Barth & Hlasiwetz. Ann. Pharm. 122, 96. 

IsodigtycoVdthylensaure. 

Formation. By treating milk-sugar or gum-arabic with bromine, 
and decomposing the resulting brominated compound with moist 
oxide of silver or of lead, or with caustic soda. The composition of the 
brominated product has not been exactly ascertained. Barth & Hlasiwetz however 
suppose that it has the composition C 12 H 10 O l0 Br 2 and is formed from milk-sugar by 
the simple addition of 2 at. bromine [and elimination of 1 at. water]. The formation 
of isobiglycolethylenic acid from it by the action of bases may then be supposed to take 
place as .represented by the equation : C 12 H 10 O 10 Br 3 + 2AgO = C 12 H 10 O 12 + 2AgBr. 
They irad, in fact, that 2 at. bromine are sufficient for the production of this compound 
from I at. milk-sugar, though in their earlier experiments they used 4 at. bromine, 
supposing that a substitution-product would be formed (C 12 H n O I]L + Br 4 = 
C a H 8 Bi*0 10 + 2HBr + XIO). Hydrobromic acid is, in fact, produced as well as car- 
bonic acid and other products; but these appear to result from a secondary action, and 
are formed more abundantly as the proportion of bromine used is larger. Moreover 
the decomposition of the compound C 32 H 8 Br 2 0 10 by oxide of silver, &c,, would vield, 
not C^H^O 12 , but C 12 H 8 0 12 . 


Preparation. 1. The milk-sugar, or gum, anti bromine, together 
with a convenient quantity of water, are enclosed, according* to tho 
quantity of material used, either in sealed tubes or in strong glass 
bottles (champagne or soda-water bottles) secured with caoutchouc 
stoppers and binding wire, and heated in the water-bath for five or 
six hours till the bromine disappears, and a colourless or yellowish 
liquid is produced. The tubes or bottles are then opened, whereupon 
carbonic acid escapes and an odour like that of chloroform becomes 
perceptible ; the somewhat dilute liquid is neutralised with moist oxide 
of silver or oxide of lead; the pasty mass is washed on a filter with 
hot wafer ; and the filtrate — which, when oxide of silver is used, soon 
becomes coloured by reduced silver — is precipitated with hydro- 
sulphuric acid. If the filtered liquid be then merely freed from hydro- 
sulphuric acid by heat and concentrated, it docs not yield the acid in 
crystals, as it is still somewhat impure. To purify it further, it is eva- 
porated to a small bulk at a gentle heat; freed from lime (which is 
always present in commercial milk-sugar) by adding alcohol as long 
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as turbidity is thereby produced ; then filtered ; distilled to remove the 
alcohol ; diluted ; boiled to drive off the last portions of alcohol ; treated, 
while still hot, -with carbonate of cadmium till it ceases to effervesce ; 
and the solution of the cadmium-salt, which has a slight acid reaction, 
is decolorised with animal charcoal and left to crystallise, an additional 
quantity being obtained from the mother-liquors. This salt is but 
sparingly soluble even in boiling' water ; the cadmium may, however, 
be easily separated from it by passing’ sulphuretted hydrogen into a 
thin paste of the salt, kept at the boiling heat in a flask, the acid 
thus gradually set free dissolving the rest of the salt. Finally, the liquid 
filtered from sulpiride of cadmium is concentrated over the water-bath 
to a thin syrup and left to crystallise ; it then, after a few days, yields 
groups of crystalline needles, and the whole gradually solidifies to a 
soft crystalline mass, which becomes friable when dried over oil of 
vitriol in vacuo. 

2. The liquid obtained as above by heating milk-sugar or g'um 
with bromine is saturated with soda and boiled ; whereby it*acquires 
an acid reaction. If again neutralised, concentrated, and left to 
stand, it deposits a mixture of crystals, which must be freed from the 
mother-liquor by pressure and vedissolvcd. Isobiglycolethylenatc of 
sodium then crystallises out alone, and may he purified by animal 
charcoal. It may be converted into the cadmium- salt by precipitation, 
and the acid obtained therefrom as above. 

Properties. Small, highly deliquescent needles. Taste sour and 
agreeable, much weakened by dilution with water. Melts to a syrup 
at the heat of the water-bath. Lib vo-rotatory. A solution, 72 mm. 
long and containing 11*137 p. c. of the acid, produces a deflection of 
2° to the left. 


Barth & Hlaslwetz. 

* from Milk-sugar, from Gum-arabic. 



Dried at 100°. 

(mean.) 


12 C 

72 .... 40*45 ..... 

40*37 

40*28 

10 H 

10 .... 5*61 

5*85 

5*69 

12 0.. 

96 .... 53*94 

53*78 

54 03 

C 12 H 10 O 12 

178 .... 100*00 

100*00 

...... 100*00 


It is isomeric with Wurtz’s biglycolethylenic acid ; — may be derived from milk- 
sugar, C 12 H n O n by abstraction of 1 at. water and addition of 2 at. oxygen ; differs from 
tartaric acid, C 8 H 6 0 12 , by 2C 2 H 2 , from aconitic acid, C 12 H G 0 12 , by H 4 , and from Gorup's 
mannitic acid, C^H 13 © 14 , by 2 HO. 

Decompositions . 1. The acid becomes somewhat coloured when 
heated for some time to 100°. Heated on platinum-foil, it burns with 
an odour of sugar and formation of a tumefied perfectly combustible 
coal. — 2. When carefully oxidised with nitric acid , it yields chiefly 
mucic acid. — 3. Fused with potash , it yields acetic and oxalic acids, 
together with other products. — 4. The aqueous solution neutralised 
with ammonia reduces nitrate of silver when heated, forming a specular 
deposit of silver. — 5. It reduces an alkaline solution of cupric oxide , 
when heated with it. 

Combinations . A* With Water . The acid dried over oil of vitriol 
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in vacuo, gives off, when heated to 100° for 24 hours, 13*9 p. c« water, 
corresponding to the formula 0 12 H 10 0 12 +3ITO (calc, 13*19 p. c.) A 
sample heated for 12 hours only, gave by analysis 38*2 p. c. carbon, 
and 6*02 hydrogen, corresponding to the formula C 13 IPO ia H- IIO. 

The acid dissolves easily in water . 

B. With Bases. All the salts of isobiglycolethyleiric acid hitherto 
obtained, except the lead-salt, agree with f the formula C I2 R*M0 12 . 
The acid appears therefore (if it contains only 12 at. 0.) to be mono- 
basic, though, in its mode of formation and its reactions with nitric 
acid and with potash, it appears rather to resemble the polybasic 
acids. Most of its salts dissolve easily in water and crystallise well ; 
the cadmium and silver salts however are but sparingly soluble. 
They are insoluble in alcohol, which precipitates them from their 
aqueous solutions. They contain water of crystallisation, which they 
do not give off completely till heated to 140°, and even then not without 
partial decomposition. 

The Iqueous solution of the acid is not precipitated by baryta- or 
lime-water, by acetate of lead, either neutral or basic, or by mercuric 
nitrate ; but acetate of lead mixed with ammonia precipitates it com- 
pletely. It easily dissolves hydrated cupric oxide ; does not alter 
ferric chloride. 

Ammonia-salt. — On mixing the aqueous acid with excess of 
ammonia, boiling till the odour of ammonia is no longer perceptible, 
decolorising with charcoal, and concentrating to a thickish consistence, 
the ammonia-salt separates after a few days in crystals, which may 
be purified by recrystallisation. When prepared from a sufficient 
quantity of material, it forms thick, solid, transparent, colourless 
crystals belonging* to the oblique prismatic system, sometimes 4 or 
5 nun. broad, easily soluble in water, nearly insoluble in alcohol. 


Air-dried. 

12 C 

72 

... 33*80 . 

Baith. & Hlasiwetz. 
mean . 

33*69 

15 H 

15 

... 7*03 . 

7*37 

N 

14 

... 6*52 . 

6-64 

14 O ..... 

..... 112 

... 52-65 . 

52-30 

C B H 9 (NH'*)0 1! +2a q , 

213 

... 100*00 . 

100*00 


Heated for some time to 100°, it gives off 3*68 p. c. (nearly 1 at.) 
water, and at 120°, at which temperature however it.becomes slightly 
brown, 8*74 p. c. (calc. 2 at. = 8*44 p.c.). 

Potash-salt . — Extremely soluble in water, and not obtainable in the 
crystalline form. An alcoholic solution of the acid mixed with alcoholic 
potash yields the salt in the form of a clotted precipitate which becomes 
brittle and friable when dried at 100°. 

Soda-salt . — Prepared as already described (p. 233), or by neutralising 
the aqueous acid with carbonate of soda. Crystallises readily in tufts 
of small colourless prisms containing 6 at. water, of which 4 at. or 14*45 
p. c. (calc. 14*17 p. c.) are given off at 100. 
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at 100°. Barth & Hlasiwetz. 

a, b. 

12 C 72 .... 33*03 .... 33*43 

11 H 11 .... 5*05 .... 5*35 

2Sa 23 .... 10-55 .... 10*30 .... 10*52 

14 0 112 .... 51*37 .... 50-92 


C 12 H 9 Na0 12 + 2aq 218 .... 100*00 ... 100*00 

Air -dried. Barth & Hlasiwetz. 

a . b. 

C 12 H n NaO u 218 .... 85*83 

4 HO 36 .... 14*17 .... 14*45 .... 14*43 


C 12 H 9 NaQ 12 + 6aq 254 .... 100*00 


a. Prepared by neutralising the aqueous acid with carbonate of soda ; 5. by decom- 
posing the brominated acid (p. 233) with caustic soda. 

Baryta-salt . — The solution of the acid saturated with caustic 
baryta or the carbonate dries up to a gummy mass. 

Btrontia-salt. — Besembles the baryta-salt. 

Lime-salt . — From a boiling aqueous solution of the acid, either pure 
or crude, neutralised with carbonate of lime and decolorised with 
charcoal, the lime-salt separates in crystals often united in crusts, and 
tightly attached to the sides of the vessel. By recrystallisation from 
more dilute solutions it is obtained in rather large, thick, perfectly 
colourless shining tables. — The crystals contain 7 at. water, 4 of which 
are given off at 100° and the rest at 140°. 

at 140°* Barth & Hlasiwetz. 


12 C 

9 H 

Ca 

12 O 

72 ... 

...... 9 ... 

20 ... 

96 ... 

36*54 

4*57 

10*15 

.... 48*74 

35*63 

5*11 

10*31 

48*95 

C'-IPCaO 12 

197 ... 

100*00 

100*00 




Barth & Hlasiwetz. 


at 100°. 


mean. 

12 C 

72 ... 

32*14 

31*79 

12 II 

12 ... 

5*35 


Ca 

20 ... 

8*92 

8*65 

15 0 

120 ... 

..... 53*59 

53*91 

C 13 H 9 Ca0 12 + 3aq. . 

... 224 ... 

100*00 

100*00 


Air-dried. Barth & Hlasiwetz. 

mean. 

12 C 72 .... 27*69 .... 27*69 

16 H 16 .... 6*15 .... 6*41 

Ca 20 .... 7*69 .... 7*77 

19 O 152 .... 58*47 .... 58*13 

C 12 H 9 Ca0 12 + 7aq 260 100*00 .... 100*00 

Or : Barth & Hlasiwetz. 

C 12 H 9 Ca0 13 197 .... 75*68 

7 HQ... J. 63 .... 24*32 .... 24*32 .... 25*41 

C 12 H 9 Ca0 13 + 7aq. 260 .... 100*00 
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The quantity of water given off at 100° was in two experiments 13*0 and 13*12 
p. c. ; calculation for 4 at. gives 33*81 p. c. g 

Another hydrate containing at. water was obtained from the 
strongly coloured syrupy mother-liquid which remained after the pre- 
paration of the lime-salt by treating the crude acid with carbonate of 
lime. The colouring matter was removed by precipitation with acetate 
of lead ; the filtered liquid was treated with hydro-sulphuric acid: con- 
centrated; precipitated with alcohol; and the viscid lime-salt thus 
obtained was redissolved in water, decolorised with animal charcoal, 
and crystallised. It was thus obtained in small crystals which filled 
the liquid and reduced it to a pasty mass. 



Air-dried. 


Barth & Hlasiwetz. 

24 C 

144 

. 31*51 

31*39 

25 H 

25 ... 

.. 5*47 

5*66 

2 Ca 

40 ... 

,. 8*75 

8*81 

31 0 

248 ... 

. 54*27 

54*14 

2C 12 H 9 Ca0 12 + 

7aq. 457 ... 

. lOO’OO 

100*00 


Cadmium-salt (Preparation p. 233). The salt crystallises with different 
quanties of water, according to the concentration of the solution from 
which it separates. 

«. C 12 H 9 Cd0 12 -f 8HO. Separates dining the cooling of hot 
saturated solutions, in small crystals united in friable aggregates, and 
presenting under the microscope the appearance of oblique prismatic 
(monoelmic) needles, very much flattened by the predominance of the 
faces parallel to the clinodiagonal. They give off 10*12 p. c. water 
(3 at. = 10*38) p. c. at 140°, hut do not become completely 
anhydrous till heated to 150° in a current of air, and at the same time 
become somewhat coloured. Very slightly soluble in water, even at 
the boiling heat. 


Barth & Hlasiwetz. 


jnr-ariea. a. p. y. 

12 C 72 .... 27*69 .... 27*49 .... 27*73 .... 27*78 

12 H 12 .... 4*61 .... 4*89 .... 4*92 .... 4*83 

Cd 56 .... 21*53 .... 21*36 .... 20*87 

15 0 120 .... 46*17 .... 46*26 .... 46*48 


C^CdO + 3aq. .... 260 .... 100*00 .... 100*00 .... 300*00 


a. Mean of six analyses of the salt prepared, as described at page 232, from 
isobiglycolethylenic acid obtained by heating 1 at. milk-sugar with 4 at. bromine, 
decomposing the product with oxide of silver, &c. — /3. Analysis of the salt prepared 
with acid obtained from 3 at. milk-sugar and 2 at, bromine. — y. The same with 8 at. 
bromine. 

b. C 12 II s Cd0 12 -f 6HQ. Separates by slow evaporation from the 
mother-liquor of the preceding, or generally from dilute solutions, by 
spontaneous evaporation, in well developed, shining, monoclinic crystals, 
mostly united in tufts. Yery sparingly soluble in cold water ; rather 
more soluble than the preceding in boiling water. 



CANE-SUGAR, 


237 


Barth & Hlasiwetz. 
a, j3. 



Air-dried, 


mean. 

mean. 

12 C 

72 ... 

. 25*08 .... 

24*77 .... 

25*19 

15 H 

15 ... 

. 5*22 ... 

5*50 .... 

5*53 

ca 

56 .... 

. 19*50 .... 

19*25 .... 

19*02 

18 O 


. 50*20 ... 

50*48 ... 

50*26 

C 12 H 9 Cd0 12 + G aq.. 

287 ... 

. 100*00 ... 

100*00 ... 

100*00 


a. Prepared from milk-sugar, — f$. Prepared from gum-arabic. 


Tins hydrate, like the preceding, cannot be completely dehydrated 
without slight coloration. At 140° it lost, in two experiments, 20*95 
and 20*10 p. c. water (3 at. = 18*81 p.c.). The salt thus' dried gave 
by analysis 30*20 p. c. carbon and 4*12 hydrogen, the formula 
G 12 H 9 Cd0 13 requiring 30*9 and 3*9, 

Lead-salt — C 12 PPPbO l2 ,4PbO + aq. ? The aqueous acid mixed 
with ammoniacal sugar of lead yields a bulky white precipitate which 
becomes somewhat denser if left under the liquid. 





Bartb & Hlasiwetz. 

12 C 

. 72 

9*82 . 

9*16 

10 H 

. 10 

1*35 . 

1-13 

5 PbO 

. 557-5 . 

... 70*30 . 

71*37 

11 0 

. 88 

... 18*53 . 

18*34 





C 12 H 9 Pb0 12 ,4Pb0 + aq. 

727*5 . 

... 100*00 . 

100*00 


Copper-salt. — Carbonate of copper dissolves in the aqueous acid, 
forming an emerald- green liquid, which dries up to dark green 
transparent films. 

Silver-salt. — Yery strong.solutions of the potash-salt and nitrate of 
silver yield an amorphous gelatinous precipitate which soon turns 
brown when exposed to light. It is soluble in water. Isobiglycole- 
thylenic acid dissolves in warm alcohol , and is precipitated therefrom in 
fiocks by ether . Y* 


Cane-sugar. 

C24JPQ52 or C 12 H n O u . 

Schrickel. Diss. de Salih . saccharinis, &c., Griessse, 1776. 
Ceuikshaxk. Scher. J. 1, 637 ; 8, 289. 

Booillox-Lagrange. Ann. Chim . 71, 91. 

Berzelius. Ann . Chim. 95, 59. 

Kuhlmaxn. Ann. Chim. Phys . 54, 323 ; Ann . Pharm . 9, 213 ; J. pr. 
Chem . 2, 235 (Preparation). — Compt. rend. 30, 341 ; Dingl. 116, 61 
(the same). 

Peligot. Ann . Chim. Phys. 67, 113 ; J. pr. Chem . 15, 65 ; 2V. Pr. 
Arch. 15, 227 ; abstr. Ann. Pharm . 30, 69 (Decompositions by 
Heat. — Compounds with Bases). — Ann. Chim. Phys. 73, 103; 
J. pr. Chem. 17, 183; Ann. Pharm . 30, 91; Compt. rend. 8, 530 
(Lead-compounds of Cane-sugar), — P[. J. Pharm , 2, 103 (the 
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same). — CompL rend. 32, 333 ; JSf. J . Phctrm. 19, 324 ; Ann . Pharm. 
80, 342; J. pr . Chem. 52, 405; in detail: JV. Ann. CMm . 54, 

377 (Sngar-lime). — Cbropf. rand. 32, 421 (Analyses of Cane-sugars). 
Yentzke. J. pr. Chem. 25, 64; 28, 101 (Polarisation). 

Hochstetter. J. pr. Chem. 29, 1 (Decompositions). 

Dubrunfaut. Ann. Pharm. 17, 283 (Manufacture). — Inversion : 

1. CompL rend. 23, 38; in detail: N. Ann. CMm. Phys. 18, 99. — 

2. JSf. Ann. CMm. Phys. 21, 169 ; J. pr. Chem. 42, 418 ; Pharm. Centr. 
1849, 643. — 1 to 3 consecutively: Compt. rend. 32, 498. — Estima- 
tion: Compt. rend. 32, 249 ; Pharm. Centr. 1851, 278; Dingl. 121, 
299. — Compt. rend. 32, 857; J. pr. Chem . 53, 508; Dingl. 121, 
305. 

S oubeir ant. IP. J. Pharm. 1, 1 and 89 ; J. pr. Chem. 27, 281 (Trans- 
formations of Sugar by Water and Heat). — IP. J. Pharm. X, 469 ;■• 
Ann. Pharm. 43, 223 ; J. pr. Chem. 26, 498 (Compounds with Lime, 
Baryta, and Lead). — Compt . rend. 28, 774 ; in detail : N. J. Pharm. 
36, 252; J. pr. Chem. 49, 65 (Sugar in Honey). — JSf. J. Pharm. 39, 
329 (Sugar-lime). 

Matjmene. Compt. rend 30, 334, and 447; Pharm. Centr. 1850, 349 ; 
Compt. rend. 39, 422 ; J. pr. Chem. 63, 75; Chem. Centr. 1854, 735 ; 
Chem. Gaz. 1854, 413 (Caramelin). — Compt . rend . 39, 914 ; J. pr. 
Chem . 64, 147 ; Chem. Centr. 1854, 920 (Action of Water). — 
Compt. rend. 42, 645; J. pr. Chem. 69, 256 ; in detail: IV", Ann. 
CMm . Phys. 48, 23 (Preparation on the large scale). — Compt. rend . 
45, 1021; J. pr. Chem. 74, 232 (Formation of Alcohols by Fer- 
mentation). 

Alcoholic or Vinous Fermentation: Pasteur. 1, Compt. rend. 45, 1032 : 
J. pr. Chem . 73, 451 ; Chem. Gaz . 1858, 61 ; Popp's Jahresber . 1857, 
508.— 2. Compt. rend. 46, 179; J. pr. Chem. 73, 457; Ann . Pharm. 105, 
264. — 3. Compt. rend. 46, 857; J. pr. Chem. 73, 506 ; Ann . Pharm. 
106, 338. — 4. Compt. rend 47, 224; J. pr. Chem . 74,512; Chem. 
Centr. 1858, 685. — 5. Compt. rend. 47, 1011 ; J. pr. Chem. 76, 369 
Chem. Centr. 1859, 175 ; 2 to 5 also in Popp's Jahresber . 1858, 484., 
— 6. Compt. rend. 48, 640 ; Pep. CMm. pure, 1,310. — 7. Against 
Berthelot, Compt. rend 48, 691, and 737. — 8. Compt. rend. 48, 735 ; 
Pep. CMm. pure, 1, 355; Chem. Centr. 3859, 671. — 9. Compt. rend. 
48, 1149; Pep. CMm. pure, 3, 519; Phil. Mag. [4], 181, 239. — 6 to 
9 also in Popp's Jahresber. 1859, 549. The whole 1 to 9, N. Ami. 
CMm . Phys. 58, 323. 

Lactous Fermentation : Pasteur. Compt. rend . 45, 913 ; J pr. Chem. 
73, 447 ; in detail : AT. Ann. CMm. Phys . ,52, 404 ; abstr. Popps 
Jahresber. 1857, 510. — Compt. rend. 47, 224 ; Popp's Jahresber . 
1858, 484. — Compt. rend. 48, 337; J. pr. Chem „ 77, 27; Popp's 
Jahresber. 1859, 553. 

M. Berthelot. Transformation by Salts : Compt , rend. 34, 800 ; 
A 7 . J. Pharm. 22, 37 ; Am. Pharm . 83, 104; in detail: N. Ann.. 
CMm. Phys. 38, 57. — Solubility of Lime in Sugar- water: JSf. Ann . 
CMm. Phys. 46, 123. — Compounds with Acids: Compt. rend. .41, 
452; J. pr. Chem. 67, 235. — Compt. rend. 45, 2G8 ; N. J. Pharm. 
33, 95; J. pr. Chem. 73, 157; Chem. Gaz. 1857,441; in detail: 

; . N. Ann. CMm. Phys. 54, 74. — Fermentation: Compt. rend A3, 
238; If. J. Pharm. 30, 269 ; J. pr. Chem. 69, 454. — CompL rend . 
44, 702; J. pr. Chem . 71, 321; in detail: If. Am. CMm. Phys. 50, 

. 322, ^Occurrence: Compt. vend 46, 1376 5 .in detail : JSf. Ann. Ohm. 
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Phys. 55, 286. — Chimie organique fondee sur la synthese , Paris, 

1860. 

Bectiamp. Decomposition by Water and Salts : Comp, rend . 40, 486 ; 

JSF. J. Pharm. 27, 274. — Compt . rend. 46, 44; J. pr. Chem . 74, 495 ; 

in detail : iY. Ann. Chim. Phys . 54, 28. 

Buignet. iY Ami, 67««o Phys. 61, 233. 

Common Sugar. Crystallisable Sugar. Sucre de canne. RokrzucTcer. — Sac- 
charose (Berthelot). — Known in India and China, from very early times, 
and in Europe since the time of Alexander the Great, the culture of 
the sugar-cane was imported, in the fourteenth and fifteenth centuries, 
from Nubia, Arabia, and Egypt into Spain, Portugal, and the Canary 
Islands, afterwards to America : it was only after this last importa- 
tion that it came into general use. The presence of cane-sugar in 
beet and other plants, indigenous in Europe, was first demonstrated 
in 1747 by Marggraf, and its preparation on the large scale from 
beet was introduced by Aehard. An important auxiliary in the study 
of the different varieties of sugar was afforded by the phenomena of 
circular polarisation discovered by Biot. 

Sources. In tlie vegetable kingdom universally diffused, existing 
apparently in many plants, from which, in consequence of the mode 
of examination formerly adopted, only fruit-sugar or grape-sugar 
had been obtained. In the stems of Grasses: Of the sugar-cane,- 
Saccharum officinarum ; of the Asiatic sugar-cane, Sorghum sac - 
charatum ; of maize, and probably also of other cereals. The juice of 
the sugar-cane contains more than 20 per cent, of cane-sugar, 
unmixed with any other kind of sugar. (Avequin ; Plagne, J. Pharm. 
26, 248 ; Peli got.) It contains no optically active substance except 
cane-sugar. (Clerget.) The stems of Sorghum saccharatum , when- 
quite, ripe, contain from' 9 to 9£ p. c. cane-sugar, but no fruit- 
sugar (Gossmann, Ann. Pharm. 104, 335; Henneberg's laridw. Jour - 
nal 6, 294); Bergemann found only fruit-sugar; Liidersdorff and 
Folding found cane-sugar and fruit-sugar. (Hennebcrg’s landw. Jahresh. 
1854, 245.) The unripe stems contain only fruit-sugar and starch, 
which latter disappears in the process of ripening, in proportion as 
cane-sugar makes its appearance. (Jackson, Compt. rend. 46, 55 ; 
Leplay, Compt rend . 46, 444.) — The juice of maize-stems cut at the' 
at the time of ripening, is especially rich in cane-sugar, if the female 
dowers have been removed during the flowering season ; it appears 
to contain a little glucose as well as cane-sugar. (Soubeiran & Biot,' 
Compt. rend. 15, 523; Pelouze, Compt . rend. 15, 580.) Maize-stems; 
cut shortly after the flowering of the plant, contain a quantity of' 
sugar amounting to between 7*4 and 7*9 p. c. of the juice, and about 
half consisting of canc sugar. (Liidersdorff.) . 

In the fleshy roots of Angelica archangelica (A. Buchner), Beta ml - 
garis , Choerophi/llum bulbosum (Payen), Cichorium Intybus , Dmtcus Caret a, 
Helianthus tuherosus , Leontodon taraxacum , Pastinaca satirn , Slum Sisarum, 
and others. — Field beet or mangold- wurzel contains, on the average, 
between 7 and 11 p. c., in particular cases as much as 14 p. c. of cane- 
sugar, the proportion varying with the kind of manure employed, 
the locality, and the variety and size of the beet, the largest quantity 
being yielded by the white Silesian sugar-beet. Small kinds arc ; 
generally richer in sugar than the larger. In one and the same beet,'* 
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the leaf -head contains the smallest, the middle of the fleshy stem the 
largest amount of sugar, Beet contains no other sugar than cane- 
sugar (Payen, Compt. rend. 15, 618), but it contains another optically 
active substance which is not altered by acids. (Olcrgot, A r . Ann. 
Chim . Phps. 26, 175.) (On the variations in the amount of sugar under different 
influences, see Henneb. landw. Jahresber. 2 Abth. 1853, 27 ; 1854, 23; 1850 and 
1856, 31.) — In ‘the tubers of Lathyms tuberosus (Braconnot) ; in the 
sweet potato of St. Domingo (of Convolvulus batatas). Avcquin 
{J. Fharm. 21, 548). 

In the stem of the sugar-maple, Acer saccharinum , of the sycamore, 
Acer Fseudoplatanus , and other species of Acer (Cadell, Thom. Ann. 
10, 234) ; of some species of Betula (Schleiden) ; in the vernal juice of 
Juglans alba (Bigelow, Scher. Ann. 8, 118) ; of Tilia europcea (Ricgel, 
Jahrb. pr. Fharm. 14, 155). In several palms, especially the Saguerus 
Thimphu of Java (Berthelot, N. Ann. Chim . Flips. 55, 286 ; comp. Pereira, 
A 7 . J. Fharm. 9, 345.) 

In F7 k uits. The sugar which forms* in fruits at the season of matu- 
rity is always cane-sugar ; under the influence of a peculiar bind of 
ferment, (rid. inf., p. 254) however, it may he converted wholly or par- 
tially into inverse sugar ; so that the l'ipe fruit sometimes contains only 
inverse sugar, sometimes both kinds together. Figs, grapes, cherries, 
Spanish cherries, strawberries, of the variety called Princesse royals , 
and gooseberries, contain no cane-sugar, hut only inverse sugar; 
other fruits contain both kinds in various proportions. (Buignet.) 
The lasvo-rotatory (inverse) sugar of grapes deposits on standing 
dextro-rotatory grape-sugar, and retains its lee vo -rotatory power, even 
in the dried grape, with liquid or granular contents. If syrup of grape - 
juice turns the plane of polarisation to the light, it is in consequence 
of alterations which have especially affected the lse vo-rotatory fruit- 
sugar. Thus the Acarus farince and ants devour the laevo- rotatory 
fruit-sugar and leave dextro-rotatory grape-sugar behind. (Dubrimfaiit, 
Compt. rend. 29, 54.) Oranges, ripe or unripe, contain both kinds of 
sugar, the relative proportion of the two changing during the process 
of maturation. The quantity of inverse sugar remains nearly the 
same, but that of cane-sugar increases in proportion to the total 
weight of the solid matters as well as of the inverse sugar. (Berthelot 
& Buignet, Compt. rend. 51, 1094.) Apples and pears contain cane- 
sugar, and either a peculiar lsevo -rotatory sugar, or more probably 
inverse sugar, which, before the time of the observation, undergoes an 
irregular decomposition, first attacking the dextro-rotatory grape- 
sugar (as in Dubnmfaut’s fermentation experiment), and thereby 
giving the preponderance of rotatory power to the laavo-rotatory fruit- 
sugar, formed from the inverse sugar. (Buignet.) — Unripe bananas 
contain a peculiar tannin, starch, and cane-sugar, the quantity of the last 
increasing as the fruit ripens in proportion as the other two disappear. 
In bananas artificially ripened after their removal from the tree, the 
tannin and starch have likewise disappeared ; on the other hand, they 
contain 15 p.c. sugar, one-third consisting* of cane-sugar, and the remain- 
ing two-thirds of inverse sugar, which latter appears to he formed from 
starch during the process of vegetation, and is present instead of cane* 
sugar in the artificially ripened fruit. The formation of cane-sugar in 
fruits is not^ prevented by the presence of acids. (Buignet.) The 
sugar of fruits was formerly regarded as distinct from cane-sugar; 
but the presence of cane-sugar has been demonstrated in -melons by 
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Paycn ; in bananas by Avequin (/. Pimm. 24, 556), and in dates by 
Bonastre (J. Phcirm . 18, 725). On the amount of sugar in various 
kinds of fruit, sco Frescnius, Ann. Phcirm. 101, 219 ; Buignet, N. Ann. 
Chim. Phjs. 61, 24-3. 

Walnuts, hazel-nuts, bitter almonds, and sweet almonds contain 
only cane-sugar (Pelouze, Compt . rend. 40, 608) ; also the carob bean 
or St. John’s bread, the fruit of Geratonia Siliqua (Berthelot), ami 
coffee-beans (Stenhousc, G-raham k Campbell, Chem. Soc. Qu. J . 9, 33 ; 
Ghem. Centr. 1857, 54). 

The nectar of the flowers of Rhododendron ponticum contains cane- 
sugar (Gr. Jiiger, Tiedmanris Zeitschr. f. Physiol. 2, 173), which is even 
found in crystals in the flowers of this plant. (Sthamer, N. Br. Arch. 
59, 151.) The nectar of various kinds of cactus contains scarcely any- 
thing but cane-sugar, that of other flowers likewise contains fruit- 
sugar. (Braconnot, J. Chim. mid. 19, 3 ; J. pr. Chem. 30, 363 ; comp. 
Ludwig, N. Br. Arch. 107, 10.) — The honey of Polybia apicipennis , an 
American wasp, yields crystals of cane-sugar. (Karsten, Pogg. 100, 
550 ; J. pr. Chem . 71, 315.) Common bees’ honey contains kevo-rota- 
tory fruit-sugar (in excess, according to Dubrunfaut), dextro-rotatory 
grape-sugar, and cane-sugar ; the latter is found more frequently in 
the liquid honey as it exists in the cells, and disappears almost entirely 
when the honey is kept. (Soubeiran, N. J. Phcirm. 10, 253 ; J. pr. 
Chem. 49, 65; abstr. Compt. rend. 28, 775; Lieb. Kopp. Jahresber. 1849, 
465.) The cane-sugar of fresh honey is inverted during keeping by 
the action of the adhering ferment, and may then deposit from 20 to 
30 per cent, of dextro-rotatory grape-sugar, while Imvo -rotatory fruit- 
sugar remains behind. (Dubrunfaut, Compt. rend. 29, 51.) 

It is doubtful whether panoche-sugar should be regarded as a kind 
of cane-sugar. It is found on the surface of the leaves of a Californian 
sugar-cane, and appears to be juice exuded in consequence of the 
punctures of insects and dried (Johnson, SUL Ann. J. [2j, 22, C ; Chem. 
Centr. 1856, 764; N. Br. Arch. 93, 54; J. pr. Chem. 70, 245). 

% Manna from Sinai (the produce of Tamcttix manniferd) contains 
55 p. c. cane-sugar, 25 inverse sugar and 20 dextrin Ac..; manna from 
Kurdistan contains 61 p. c. cane-sugar, 16*5 inverse sugar, and 
22*5 dextrin &c. (Berthelot, Compt. rend. 53, 583 ; Pep- Chim. pure, 


4, 29.) t. . 

The bark of Pimis sylvestm contains a sugar winch is obtained m 
the preparation of pinicorretin (p. 33), but is somewhat difficult to 
crystallise on account of impurities. This, after drying at 100°, con- 
tains 39*68 p, c. 0., 6*92 IT., and 53*40 O. corresponding to the formula 
C 15 TP0 12 . — In the preparation of pinipicrin from pine-needles (via. inf.) 
a sugar is obtained, which, when purified by dissolving it in aqueous 
alcohol, evaporating the filtrate, washing the crystals with ether- 
alcohol, and drying at 100°, contains 42*3 p. c. 0., 6*73 IT., and 50*98 0., 
corresponding to tlie fornrala of . cane-sugar (Kawalier, Wien. Akad. 
Ber. 11, 861 and 353). The former sugar should perhaps be classed with inverse 
sugar, the latter with cane-sugar. (Kr.) 

In healthy cereals , and even in barley-malt, sugar does not exist 
ready formed, but is rather produced, in the crushed grain, by the 
action of diastase and water (Mitscherlicb, N. J. Pharm. 4, 213 ; 
Peligot, N. Ann. Chim. Phys. 29,5; Btein, Polyt. Centr . I860, 181), 

The sugar thus produces perhaps maltose. (Kr,). 
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Preparation. From the price of the Sugar-cane , of Sorghum saccharatum , 
cwni 0 / Mangold-wurzel. The juice of the sugar-cane is obtained by 
pressure, that of mangold-wurzel by reducing the roots to a fine pulp, 
and either pressing this pulp after adding a quantity of water equal to 
20 per cent, of the weight of the root, or lixiviating it with cold water, 
or finally by subjecting it in perforated cylinders to the rotatory action 
of the centrifugal machine. — The juice of mangold-wurzel is heated to 
68° by hot steam, every 1000 quarts are mixed with a quantity of milk 
of lime prepared from 12 lbs. of lime, and the mixture is further heated 
to the boiling point, whereby phosphate of lime, albumin, albuminate of 
lime and other matters are separated in the form of a dense white 
crust. The heating is interrupted as soon as the boiling juice begins 
to break through the crust, the clear liquid below is run off, and the 
muddy residue is submitted to pressure. The calcareous thin syrup 
( Dunnsqft ) thus obtained is treated with carbonic acid (from 0*G to 0*8 
p. c. lime however remains dissolved as sugar-lime) ; separated by sub- 
sidence and decantation from precipitated carbonate of lime ; filtered 
through bone-black, which removes a small quantity of sugar-lime, 
and evaporated to 20 — 22° Bm., either in open pans or in Robert’s 
vacuum apparatus. The thick syrup ( Dicksaft ), again filtered through 
bone-black, and evaporated in vacuo at about 22" barometric pressure 
till it becomes thick enough to draw out into threads, yields, after 
cooling and standing, crystals of cane-sugar, and the mother-liquor, 
■when further evaporated, yields a second and third crop, till nothing 
remains but uncrystallisable molasses. The last very dark-coloured 
crop of crystals is moistened with water, and freed from adhering 
molasses by means of the centrifugal machine. The mixture of all the 
successive crops of crystals thus obtained constitutes the raw sugar of 
commerce. 

Purification. Refining of cane-sugar. An aqueous solution of cane- 
sugar of 12° Bm. is mixed with a small quantity of milk of lime, and 
heated to the boiling point, and the juice is decanted from the impurities 
which separate in the form of a crust, then filtered through bone- 
charcoal, and evaporated in vacuo. The strongly concentrated juice 
is made to crystallise by moderating the heat and running in small 
quantities of unthickened juice, whereupon a magma of sugar-crystals 
immediately forms. To give them the requisite hardness, heat is again 
applied, the crystalline magma is left to drain in the sugar-loaf moulds, 
and the formation of small uniform crystals is promoted by stirring 
and breaking up the crust which forms qn the surface. When the 
crystallisation is complete, the apex of the mould, which has previously 
been closed, is opened to allow the syrup to drain off, and that which 
remains adhering to the crystals is displaced by pouring in pure sugar- 
syrup. By due desiccation, the loaf-sugar or refined sugar of commerce 
is obtained. When purified sugar-syrup is left to evaporate slowly and 
quietly in shallow vessels, in which threads are suspended, the sugar 
is obtained in larger crystals, called sugar candy . 

Formerly, ox Wood, milk, or white of egg was used for clarifying syrups. On the 
use of larger quantities of lime in the preparation of sugar, see Kuhlmann (Ann. Fharm. 
27, 17; Dingl. 116, 61); Rousseau (Inst. 1850, 330; Dinah 115, 457; 116, 297 a 
08. 221; 125, 378); MaumenS (N. J. Pham. 30, 354; N. Ann. Chim. PAvl 
48, 23 ; Dingl. 143, 285).-— On the use of bisulphite of lime in the refining of sugar 
previously recommended by Proust, Dubrunfaut & Stolle, see Lieb. Kopp.Jahresber 
1849, 700; Dumas & Melsens (. Dingl . 114,375; 115, 212); Melsens (. N.Ann . Chim. 
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Phys . 27, 273; Ann. Pharm . 72, 101 ; Report on its applicability, Dingl. 119, 448.) 
On the use of sulphurous acid, see Calvert {Dingl. 149, 136); of acetate of lead and 
sulphurous add, SoofFern {Dingl, 110> 261; 118, 217; Chern. Gaz. 1850, 368; 
Pharm. J. Trans. 10, 108, and 184; also Lieb . Kopp. Jahresber. 1850, 680). — On 
the freeing of syrup from lime by soap, see Basset {Dingl. 147, 129), also Stahlschmidt 
{Dingl, 149, 211); by hydrate of alumina, see Howard {Dingl. 19, 384), Mbne {Dingl. 
146, 3091, Cessner & ICletzinsliy {Dingl. 140, 376); by phosphate of alumina, Daubeny 
{J. pr. Cham. 75, 255); by phosphate of ammonia, Kuhlmann {Dingl. 116, 61); by 
acid phosphate of lime, carbonate of ammonia, stearic acid or oleic acid, Stammer 
{Dingl. 154, 210) ; by stearic acid and silicic acid, Wagner {Dingl. 153, 377), On the 
use of chloride of calcium, see Michaelis {J. pr. Chem. 56, 435). 

From Molasses. According to Lepray & Dubrunfaut. A solution of caustic 
baryta of 30° Bm. is poured into the molasses, whereupon the whole 
solidifies to a crystalline pulp. This is washed, treated with carbonic 
acid, and freed from carbonate of baryta by filtering and decantation. 
A syrup of 18° — 22° Bm. is thus obtained, which is freed from the 
last traces of baryta by means of gypsum or sulphate of alumina, then 
clarified and boiled down as above. (Niekles, Dingl. 131, 47.) 

On the small scale. The best process, according to Marggraf, is to 
dry and pulverise the sacchariferous portion of the plant, boil it with 
2 pts. of strong alcohol, filter, and leave it to cool. The filtrate set 
aside for some time yields crystals of sugar. 

From Fruits likewise containing Inverse Sugar. The expressed fruit-juice 
is filtered (after addition of an equal quautity of alcohol if necessary 
in order to prevent alterations), then saturated with slaked lime and 
again filtered. The filtrate heated to the boiling point and again filtered 
at that temperature, leaves on the filter insoluble sugar-lime, which 
after thorough washing with water, is decomposed by carbonic acid. 
The sugar- solution is evaporated to a syrup, decolorised with animal 
charcoal, mixed with alcohol till it becomes turbid, and left to crystal- 
lise Over quicklime. The insoluble sugar-lime produced at the boiling heat can- 
not include more than § of the total quantity of sugar present ; hence the treatment 
with lime roust be repeated. — If the decomposition of the sugar-lime with carbonic 
acid yields very turbid liquids, they must be precipitated with basic acetate of lead and 
the filtrate treated with sulphuretted hydrogen. (Buignet.) 

Estimation of Cane-sugar. Saccharmetry . If the solution contains 
nothing but cane-sugar, the specific gravity is observed, and the per- 
centage of sugar determined therefrom (vid. inf.). If other substances 
which affect the density are likewise present, the quantity of cane-sugar 
maybe determined : — 1. From the weight of carbonic acid, formed in 
the vinous fermentation of the sugar, or from the quantity of alcohol 
thereby produced. According to older statements, 100 pts. cane-sugar 
yield, after deduction of 5*2(> pts. water, 51*44 pts. carbonic acid, and 
53*80 absolute alcohol) according to Pasteur’s direct determination, 
49*12 pts. carbonic acid and 51*01 absolute alcohol, the remaining 
portion of the sugar being consumed in the formation of glycerin and 
SUCCinic acid. See below ; also Buignet' s description of the process {N. Ann. Chim. 
Phys. 61, 239) — 2. Prom the weight of cuprous oxide which the sugar 
can reduce from potassio- cupric tartrate, or from the volume of a 
standard solution of that salt decomposed by the sugar. For this 
re-action, the cane-sugar must be previously heated with acids to con- 
vert it into inverse sugar, which reduces the same quantity of cupric 
oxide as grape-sugar (see Grape-sugar ). — 3. From the Rotatory Power of 
the solution. If the solution contains only cane-sugar, or at least, no 

R 2 
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other optically active substance, the amount of sugar may be calcu- 
lated from the rotatory power in the manner presently to be described 
(p. 246). Turbid or gummy solutions are mixed with T V their volume 
of isinglass-solution, then, after agitation, with 14 vol. alcohol, where- 
upon the mixture, without being heated, coagulates, and yields a filtrate 
adapted for observation. Coloured solutions are decolorised by animal 
charcoal ; but as this substance (according to some statements) takes 
up sugar, the first fourth of the liquid that runs through is rejected, 
and only the remainder used for the observation. — If in addition to 
cane-sugar, the solution contains grape-sugar (inverse sugar, or any 
other optically active substance, whose rotatory power is not altered 
by heating with acids), the amount of cane-sugar may be determined 
by observing the rotatory power of the solution both before and after 
inversion (p. 244), the temperature being likewise observed in the 
latter case. The first observation having been made, 100 c. c. of the 
solution are mixed with 10 c. c. fuming hydrochloric acid, the mixture 
heated to 68°, and kept at that temperature for a quarter of an hour. 
Since the rotatory power of the solution cooled to the original tem- 
perature (supposing the observation to have been made in a tube 
longer by one-tenth than the former), remains unaltered in so far as it 
was due to the grape-sugar, whereas the cane-sugar lias been replaced 
by inverse sugar, the amount of cane-sugar may be calculated from 
the rotatory power peculiar to this inverse sugar, as follows The 
rotatory power (a) observed before inversion was made up of the 
molecular rotatory power (c) of the cane-sugar ( 0 ), and that of the 
grape-sugar {g G) ; therefore 

a =. c C + g G. 

The rotatory power (d) observed after inversion is, in like manner, 
made up of the unaltered rotatory power of the grape-sugar (g G\ 
and that of the inverse sugar (i C ) ; therefore 

a' = % G +y G. 

Consequently the difference, a — ci', of the rotations observed 
before and after inversion is equal to c C — i C. 


or, finally, — 


a — a = 



Suppose for example a sugar-solution before inversion turns the plane 
of polarisation 25*96° to the right, and after inversion, 5*80° to the 
right at a temperature of 14° ; then a = 25*96 and a = 5*80. Now 
the molecular rotatory power of cane-sugar (c) is 73*8°, that of grape- 
sugar 56°, that of inverse sugar (or more exactly, the rotatory power 
of that quantity of inverse sugar which would be produced from the 
unit of weight of cane-sugar adopted in determining the molecular 
rotatory power of cane-sugar) is-27° at the temperature of 14° : con- 
sequently 


_ 25-96-5-80 20-16 

73*8 + 27 or G — 1Q0 . 8 


0 * 20 , 


which quantity therefore gives the number of parts by weight of cane- 
sugar contained in a unit of weight of the solution employed, or when 
multiplied by 100, the percentage of cane-sugar in the solution. 
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Suppose another sugar- solution, before inversion to turn the plane 
of polarisation 9*36° to the right, and after inversion 10*80° to the 
left ( = — 10*80° to the right). Til this case, a = 9*36 ; a = 
“-10*80); a — a = 9*36 + 10*80 = 20*16, which number divided by 100*8 
again gives 0*2, or 20 p. c. of cane-sugar in the solution. If, in both 
cases, the nature of the second optically active substance present in 
addition to the cane-sugar is known, its quantity may be determined 
from the observations just described ; if, on the other hand, its quantity 
is previously known, its nature may be determined; thus it might be 
inferred that grape-sugar was present in the first case, besides the cane- 
sugar, in the original solution, and inverse sugar in the second. This 
mode of proceeding, however, is admissible, only when the deflection after 
inversion has been observed at a temperature for which the molecular 
rotatory power of the inverse sugar (which varies with the temperature, 
has been previously determined. According to Biot (Compt. rend. 15, 523, 
619, and 694; 17, 755) and Clerget. See Clerget’s method (AT Ann. Chim . Phys . 
26, 175 ; Ann. Pharm. 72, 145 ; abstr. Compt. rend. 23, 259 ; Lieb. Kopp. Jahresber. 
1849, 126). This method presupposes the use of Soleil’s saceharimeter, and Clerget 
denotes by 100 the deflection produced by 1 mm. quartz, or 200 mm. of a normal 
sugar-solution containing 16*471 grin, cane-sugar in 100 cubic centimetres. 

Properties. Large, transparent, colourless crystals, belonging to 
the monoclinic system. Fig. 83 without t. Combination of a rhombic 
prism u with the acute lateral edges of the oblique basic end-face z, 
truncated by m . More complex crystals likewise exhibit a back 
oblique end-face / (Fig. 84) as well as the front oblique end-face f (not 
shown in the figure) between i and m ; also the prism a parallel to 
the clinodiagonal, for the most part developed on the left side only. 
The crystal-electricity (i, 319) takes the direction of these faces 
(according to Hanke), inasmuch as when the temperature is lowered, 
the antilogous (negative) pole appears on that side of the crystal on 
which the two a. faces are developed. — Rammelsberg obtained the prisma 
perfectly developed from a solution containing chloride of sodium. He 
further observed the octahedral faces o (which truncate the edg*es i : u 
and lie in the same zone with m) corresponding to the similarly 
situated o '-faces behind. These -two faces have hitherto been found 
only on the left side. The crystals are generally tabular, from the 
extension of m in the direction of right and left :—u :u = 101° 32 r 
(Wolf), 101° 30' (Rammelsberg); m:i = 103° 30' (W.), 103° 17' (11.) ; 
m:f' = 134° 23' (R.) ; i:/s=140° 40' (R.); w:/=115° 33' (R.) ; 
z :/= 141° 0' (W.), 141° 43' (R.). Cleavage distinct parallel to m. 
Twin crystals have the faces m common to both, the oblique summits i 
lie reversed, and the left sides of the crystals are turned towards each 
other. The plane of the optic axes is perpendicular to m and % (Miller, 
Pogg. 56, 630) ; one optic axis makes, with the perpendicular "to m, an 
angle of about 1° 26' towards the lower side ; the other lies about 50° 
above it. (Wolf, J. pr. Chem. 28, 129 ; Rammelsberg, Hcmdbuch , Berlin, 
1855, 397 ; comp, also von Kobell, Pepert. 34, 279 ; Hankel, Pogg. 49, 
495; Kopp, Einleitung , Braunschweig, 1849, 312; Berthelot, N. Ann. 
Chim. Phys. 55, 287.) 

Molecular rotatory power * [cc]j = 73*84 to the right (Dubrunfaut, 

* We mast here add to -what has been already said (vii. 64) about circular polarisa- 
tion, the explanation of the expressions used in the text, — molecular rotatory power , 
specific rotatory power, or of the symbol [a] used to stand for these expressions. By 
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Compt . rend. 42, 901); 71*26, or [pd\r = 54*686 (Biot, Compt. rmd. 15, 
625 and 706). According to Dubrunfaut, Biot’s cane-sugar was ^ not 
perfectly pure. Comp, also Williclmy (. Pogg . 81, 527 , Lid). Lapp* 
Jahresber. 1850, 176). The rotatory power varies but little with 
changes of temperature. (Ventzke.) 

Sp. gr. 1*6065 (Fahrenheit), 1*63 (Dubrunfaut.), 1*593 at 3*9° 
(Joule & Playfair, Chem. Soc. Qn. J. 1, 121); sp. g*r. of the crystals. 
1 * 58 , of the powder, 1*61 (Kopp) ; of sugar-candy, 1*58933 at 13°, of 
melted barley-sugar, 1*5092 (Biot, Ann. Pharm . 52, 195). Harder than 
any other kind of sugar except milk-sugar; emits light when struck 
in the dark. 


molecular rotatory power is understood the number of degrees through which a stra- 
tum of the pure substance, 100 millimetres thick, would i*otate the plane of polarisation, 
supposing its sp. gr. were =1. This [a] being known, the rotation a of the plane of 
polarisation, caused by a stratum, 100 mm. thick, of a solution containing e grammes of 
substance in 1 gramme solution is expressed by a~e[a], supposing that the sp. gr. of 
the solution is 1. If, however, the sp. gr. = 3, we have a — € [a] 3. If the thickness 
of the stratum is A times 100 mm., a finally becomes = 6[a]dX. — If the rotation a has 
been found by experiment, the quantity of substance c in 1 gramme solution, and hence 

the percentage contained in the solution, is given by the equation t — - f L. . — If, on 

[ajoX 

the other hand, it is desired to determine the molecular rotatory power [a], we have 
the equation [a] = 


Examples. 1. The specific gravity of a solution of grape-sugar ([a] — 57*6) is 
found to be 1*048, and its rotatory power, in a tube 2 decimetres long, 13*7 degrees. 

13*7 

Hence 1 gramme of the solution contains e = - ■ » 0*11347 grms. grape- 


sugar, or the solution contains 11*347 p. c. 

2. By dissolving 11*347 grms. grape-sugar in 88*653 grms. water, a solution is 
obtained whose sp. gr. is 1*048, and whose rotatory power, in a tube 2 decimetres long, 
is 13*7 degrees. Hence the molecular rotatory power of grape-sugar is given by the 
equation : — 

[a] = ^ = 57*6. 

L J 0*11347 + 2 + 1*048 


If (as is usually the case) the solution is prepared by weighing out a certain quantity of 
substance and making up the solution to a known measure, either the specific gravity 
must be determined, and hence the percentage amount contained in the solution calcu- 
lated ; or else (according to Berthelot) the molecular rotatory power is calculated from 
the observed rotation ( a ), the weight in grammes (p) of the dissolved substance, the 
volume of the solution in cubic centimetres (F) in which p is contained, and the length 
(!) of the tube expressed in decimetres, by aid of the formula (deduced from that given, 
above), — 


[a] = a 


V 

h' 


Example . 11*892 grms. grape-sugar is dissolved in water, the solution made up to 
100 cubic centimetres, and the rotation is found to be 13*7 degrees in a tube of 2 deci- 
metres. Hence the molecular rotatory power is — 


[a] = 13*7 


100 

2 + 11*892 


- 13*7 + 4*205 = 57*6. 


The statements in the text relative to the value of [a] apply either to the red ray, 
and are then denoted by [a]r, or to the yellow ray (equivalent to the transition-tint 
between blue and violet), and are then denoted by [a] or j>]j. Almost all the modern 
determinations refer to the transition-tint ; those which refer to the red ray become 
comparable with the others, according, to Biot, after multiplication by f$. (Kr.) 
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In vacuo, or at 100‘ 

5 . 

Berzelius. 

Liebig. 

Erdmann & Marchand. 

24 C 144 .... 

42-11 . 

.. 41*48 .. 

.. 42*30 

42*15 

22 H 22 .... 

6-43 . 

7*05 .. 

.. 6*45 


22 O 170 .... 

51*46 

... 51*47 .. 

... 51*25 

51*38 

C-dT-C) 22 342 .... 

100*00 . 

.. 100*00 .. 

.. 100*00 



Many other chemists have also analysed cane-sugar ; for example Prout, Gay- 
Lussac & ThSnard, Dobereiner, W. Crum, Berthollefc, Herrmann, Brunner ( Pogg . 34, 
333), O. Henry & Plisson {J. Pharm. 16, 597), Erdmann & Marchaud {J.pr. Chem. 
23, 174), Peligot {Ann. Chim. Phys. 67, 113). 

Sugar-candy and refined sugar prepared from mangold-wurzel, cane-, and maple- 
sugar have been examined with like results. 

Liebig {Pogg. 31, 341 ; Ann . Pharm. 9, 21) first gave the correct formula, deducing 
it from the products of decomposition. This formula was adopted by Berzelius 
{Jahresber. 15, 291). Earlier formulae : C 13 H 11 ‘ 5 0 11 (Berzelius), C 6 H 6 0 G (Dobereiner), 
C 5 H 3 Q 8 (Dumas & Boullay), C 8 H 8 O s (Prout.) 

Decompositions . 1. Cane-sugar melts at 160° or 161° (at 180°: 
Peligot), without losing weight, to a clear, pale yellow liquid, from 
which only part of the sugar can be regained in the crystallised form. 
(Berzelius, Pogg. 47, 321). If the melted mass is kept at the same 
temperature for a long time, it is decomposed, without loss of weight, 
into lovulosan and dextro-glucose ; C 24 il 22 0 23 = C 12 I1 10 Q 10 + C 12 II 12 0 12 . 
(Gelis.) 

Melted sugar has the appearance of fruit-sugar, but reduces only 
half as much potassio-tartrate of copper as an equal weight of glucose. 
Only one-half of it is fermentable, the glucose being destroyed by 
fermentation and the levulosan remaining in solution. It deflects 
the plane of polarisation [cc\j = 35° to 38 u to the left, about as much 
as a mixture of equal atoms of levulosan and glucose would deflect it. 
(Gelis, Gompt . rend. 48, 1062.) 

Sugar, melted in a chloride-of-zinc bath at 160°, has a smaller 
molecular rotatory power than cane-sugar, does not crystallise again, 
deliquesces in the air, is easily soluble in absolute alcohol, and ferments 
with yeast. (Mitscheiiich, Pogg. 55, 222 ; Berz. Jahresber . 22, 482.) 
Melted sugar has not the same specific heat as cane-sugar (Hermann, 
J. pr. Chem. 12, 295), nor amorphous sugar the same melting point as 
crystallised sugar. (Wohler, Ann. Pharm. 51, 755.) — When cane- 
sugar is melted with a little water, as for the preparation of barley- 
sughr or of bonbons, at a temperature which docs not exceed 165°, it 
solidifies on cooling to a vitreous mass, consisting mainly of cane-sugar 
containing enclosed water. In the course of time, this water dissolves 
particles of the cane-sugar, which afterwards crystallise out (because 
an amorphous body is more easily soluble in water than a crystallised 
body), until, by continued alternate solution and crystallisation, the 
whole mass has become crystalline. (Mitscherlich.) If melted sugar iu 
the vitreous state is allowed to cool to 38°, and then quickly and often 
drawn out, doubled together and drawn out again until it forms a 
mass of threads, its temperature rises in two minutes from 40° to 80°, 
and it becomes a crystalline mass. Barley-sugar and bonbons are 
transformed into a similar mass by long keeping. (Graham.) — Cane- 
sugar melted with a very small quantity of water acidulated with 
acetic acid, so that it solidifies to a vitreous mass of sp. gr. 1*509, 
rotates the plane of polarisation more feebly than unaltered cane- 
sugar, and somewhat more feebly in the solid state than when again 
dissolved. (Biot, Ann. Pham. 52, 195.) : 
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Cane-sugar, heated above 180°, becomes brown and loses weight, 
and, if then exposed to the air, absorbs more water than it had 
lost, deliquesces, and behaves with alkalis like glucose. (Peligot.) 
Browning' first takes place when the sugar is continuously heated to 
160°; no loss of weight occurs, because the water which is set free 
converts the still remaining Ievrdosan into kevo-glucosc. (Gelis.) 

Cane-sugar, heated for a long time to between 210° and 220°, froths 
up, becomes continually darker and darker brown, evolves a. large 
quantity of water containing traces of acetic acid and volatile oil 
(furfural : Volckel ), and, when the frothing has ceased, is converted 
into caramel, with which unaltered sugar and a bitter substance 
(assamar) are sometimes mixed. At a higher temperature, or when 
the heat is too long continued, further loss of water occurs and a sub- 
stance insoluble in water is produced. (Peligot.) At 250° the residue 
of the sugar is still for the most part soluble in water, and only a 
small quantity of the insoluble substance (Volckcl’s caramelane) is 
formed ; this body is produced more abundantly between 250° and 
800°, products of further decomposition being formed at the same time. 
(Volckel.) As low as 190°, three products are successively produced 
from cane-sugar ; the first of them, caramelane , constitutes the chief 
part of the residue when the loss of weight amounts to 10 p. c. ; when 
the loss is 14 or 15 p. c., caramelene is obtained ; when it amounts to 
20 p. c., scarcely anything but caramelin. (Gelis.) Keichenbaclfis 
assamar is also produced by the roasting of cane-sugar (by heating to 
225° ; Poht ), See also Mulder (/. pr. Chem. 16, 245). 

On treating with alcohol the residue obtained by heating cane-sugar 
or glucose in an oil-bath to 210° or 220°, unaltered sugar and bitter 
tasting substances, are dissolved, and Peligot’s caramel remains behind 
as a tasteless, black, shining mass, containing when dried at 180°, on 
an average, 46*65 p. c. carb., 6*18 hydr., and 47*17 oxyg., correspond- 
ing to the formula C 24 H 18 0 18 , which requires 47*06 p. c. carb., 5*88 hydr., 
and 47*06 oxyg. It is soluble in water, precipitable by baryta-water 
and ammoniacal sugar of lead, not fermentable, and insoluble in 
alcohol. (Peligot.) See also Polil. ( Wien. A /cad. Ber. 41, G23 ; J. pr. Chem. 82, 148.) 

If the caramel is extracted by water from the residue obtained by 
heating cane-sugar to 250°, caramelane remains as a black substance 
insoluble in alcohol, partially soluble in potash-ley, containing 55*09 p. c. 
carb., 5*14 hydr., and 39*77 oxyg., answering to the formula C 24 IL 13 0 13 , 
which requires 55*17 p. c. carb., 4*98 hydr., 39*85 oxyg. (Volckel, 
Ann, JPharm. 85, 94.) According to Gelis, both those substances are 
mixtures : vkL infr . 

Beichenbach/s Assamar (Comp. Volckel’s Assamar, p. 50). The bitter 
substance produced by roasting sugar. — It is formed by the roasting 
of gum, starch, glutin, gelatin, albumin, and flesh, and in the roasting, 
baking, or frying of eatables containing these substances. — Reiohen- 
bach heats either of these substances, — unsalted wheat-bread answers 
best, — on a hot hearth- plate, until it becomes brown; breaks it up 
while still warm; allows the powder to cool out of contact with air; 
and exhausts it with absolute alcohol. He separates the alcohol by 
distillation; heats the residue moistened with wafer to 100°; allows it 
to cool very slowly ; removes the fat which has separated out; neutra- 
lises with milk of lime ; heats to boiling, and adds, by small portions at 
a time, 20 or 30 measures absolute alcohol, or so much that the precipitate 
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which is at first produced does not re-dissolve, even on boiling. After 
removing the alcohol from the cooled clear solution by distillation, the 
residue is repeatedly dissolved in hot alcohol as often as anything is 
deposited from the solution on cooling ; ether is added to the clear 
solution in small quantities, as long as the precipitate produced has 
a sweet taste ; and the assamar, which remains dissolved through all 
these operations, is obtained by evaporating the ether and alcohol, and 
finally drying in small quantities. — Solid, transparent, amber-yellow, 
amorphous gum, brittle and having a concho'idal fracture. Neutral. — - 
It is decomposed when heated alone or with water, loses its bitterness, 
and is transformed into the substance which is separated by alcohol 
in the preparation of assamar. — Assamar is decomposed by chlorine , 
when heated, losing its colour ; by hot nitric acid , without formation of 
mucic or of oxalic acid ; by oil of vitriol with blackening, not by dilute 
sulphuric acid. Not altered by cold potash-ley ; when boiled therewith 
it loses its bitterness, which acids do not restore. It reduces nitrate 
of silver , throws down a blue-black precipitate from chloride of gold , and 
cuprous oxide from acetate , not from sulphate of copper . Not ferment- 
able. — Assamar is hygroscopic, deliquescent, soluble in water in all 
proportions, and not precipi table by acids, alkalis , alkaline-earths, borax , 
tincture of galls, or isinglass. It dissolves slowly and sparingly in cold, 
abundantly in boiling absolute alcohol, and is partially precipitated by 
, ether. (Keichenbach, Ann. Pharm. 49, 1.) Pohl (Wien. A lead. Per. 41, 
623), having found that a purely bitter alcoholic extract of cane-sugar 
heated to 228°, acquired a sweet taste when dissolved in water and so 
preserved for some years, supposes assamar to be capable of regene- 
rating glucose. 

2. Cane-sugar subjected to dry distillation, froths up strongly at 
about 250° or 300°, after having been previously transformed into 
caramel, and yields at first a slightly sour, yellow-distillate; then a 
darker coloured, turbid distillate ; and, at last, one which is viscid and 
strongly acid. When it is slowly heated, gases first make their 
appearance towards the end of the distillation, amounting to 12 or 
18 p. c. of the sugar, while a vesicular, carbonaceous residue amounting 
to 32 01’ 34 p. C. remains. — Comp, also Cruikshank [Sc her. J. I, 637); Vauque- 
liu (Bull. Pharm. 3, 49). — The gas which escapes at first is nearly pure 
carbonic acid; afterwards carbonic oxide and marsh-gas are mixed 
with it. (Ydlckel, Ann . Pharm. 86, 63). — The aqueous distillate 
( Y dickers sugar-vinegar) becomes clear on standing from the separation 
of a viscid oil. This yields, by fractional distillation, a very volatile, 
yellowish liquid, which contains aldehyde (Ann. Pharm . 87, 303), 
acetone, and acetic acid, and is followed if the distillation is continued, 
by a mixture of acid water and yellow oil, while a red-brown liquid 
(Y olckel’s sugar -tar) remains. — The yellow oil, distilled with water 
after addition of potash-ley, dried, and then rectified alone, yields, 
between 100° and 150°, a distillate which has a density of 1*005 at 15° 
and amounts to of the whole quantity; this product is neutral, 
precipitates silver from ammoniacal nitrate of silver, and turns brown 
and is destroyed by contact with potash-ley. The remainder, which 
distils between 160° and 180°, contains chiefly furfurol (x, 371) (of 
various kinds, according to Ydlckel), together with a small quantity of 
an oil which is unalterable by potash, and traces of oil of bitter 
almonds, recognisable by the smell. — Furfurol can still be extracted 



250 


CARBO-HYDRATJES WO". 


by ether from the sugar-vinegar freed from oil as far as possible by 
distillation ; the sugar- vinegar leaves a residue of tar, produced by 
the decomposition of assamar-acetic acid, every time it is distilled, 
while a certain quantity of this substance and common acetic acid 
pass over. The sugar-tar contains products of decomposition, partly 
of the volatile oils, partly of assamar. If three-quarters of the 
crude sugar-vinegar are distilled off, the decomposition-products of 
the volatile oils removed by filtration, and the filtrate distilled, a large 
quantity of acid sugar- vinegar passes over below 120°, while a red- 
brown sugar-tar remains, which becomes viscid on cooling, has a 
strong, bitter, and sour taste, and amounts to 6 p. c. of the sugar- 
vinegar. Addition of water throws down a red-brown product of 
decomposition of assamar, whereof more is obtained by concentrating 
the filtrate and precipitating with water, while a bitter substance, 
Y dlckebs assamar, remains dissolved in the supernatant red-brown 
liquid. 

Y blckePs Assamar. The red-brown liquid obtained from sugar-tar 
is exactly neutralised with carbonate of soda, and evaporated on the 
water-bath to a syrup, whence assamar and other substances are 
extracted by boiling with absolute alcohol; and the cooled extract is pre- 
cipitated by several volumes of ether, whereby acetate of soda and red- 
brown substances are precipitated. The ether- alcoholic solution, when 
distilled in the water-bath, leaves assamar behind as a brown syrup, 
which is purified by solution in ether, evaporation of the filtrate, solu- 
tion in water, removal by filtration of the insoluble portion, and 
evaporation in vacuo. It is thus obtained as a yellowish-red trans- 
parent, viscid, neutral syrup, which does not solidify in vacuo, and 
contains on the average 54*70 p. c. carb., 5*40 hydr., and 39*90 oxyg. 
(Hence Yolckel calculates the formula C^TPO 11 , But one of the follow- 
ing formulas appears more probable, 5C 24 IT 13 0 13 -f HO or C 3G H 20 O 20 , the 
first of which requires the same percentage composition as Yolckel* s 
formula, and the second 54*54 p. c. carb., 5*05 hydr., and 40*41 oxyg. 
[Kr.]) According to Yolckel, the substance is the same as Reiehen- 
bach’s assamar before the latter has been altered and rendered solid by 
Reichenbach’s method of preparation. — Assamar becomes more fluid when 
heated . It does not solidify even at 120° or 140°, so that its fluidity 
cannot be due to adhering water. Above 200° it is decomposed, with 
formation, of a solid substance.— By boiling with, dilute hydrochloric 
acid , it is changed into a brown substance which is insoluble in 
water, and contains on an average G5T8 p. c. carl)*, 4*55 hydr., and 
.30*77 oxyg., corresponding therefore in composition to Mulder’s 
ulmin from sugar and perhaps having the formula C 24 H 9 0°; traces of 
formic acid are produced at the same time as this substance. By treat- 
ment with potash-ley it is further split up into a soluble and an inso- 
luble portion, each of which contains oxygen and hydrogen in the 
same proportion as water.— Assamar yields the same products by 
boiling with potash-leg as with acids. The red-brown alkaline solution, 
precipitated by hydrochloric acid after several hours’ boiling, yields 
brown flocks, which, if covered with potash-ley, after being washed, 
partly dissolve and partly swell up to insoluble potash-compounds : 
freed from potash by hydrochloric acid, they contain Gl*86 p. c. carb., 
4*60 hydr., and 34‘04 oxyg., corresponding to the formula C 12 II 5 Q S 
(calculation 61*53 p. c. carb., 4*27 hydr., and 34*20 oxyg.)— Assamar 
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colours aqueous bichromate of potash brown when boiled, and reduces 
ammoniacal nitrate of silver with the aid of beat. — It is hygroscopic, 
dissolves easily in water, and is precipitated from the solution by 
animal charcoal. It dissolves hydrate of lime , precipitates ammoniacal 
sugar of lead , and is easily soluble in alcohol and ether. (Volckel, Ann. 
Pharm. 85, 74). 

3. When oxygen or air , especially ozonised air, is passed over dry 
or aqueous cane-sugar, carbonic acid and water are formed at the 
common temperature, the rest of the sugar remaining unchanged. 
A piece of cane-sugar (weighing 1 drachm) left in contact with 
oxygen confined by mercury for three months, produced 5 cc. car- 
bonic acid in 95 cc. oxygen. (Karsten, Perl. Alcad. Bar. Jan. 1860 ; 
abstr. J. pr. Chem. 79, 226.) —Aqueous solution of cane-sugar is not 
altered by ozone. (Gprup-Besanez, Ann. Pharm. 110, 103). If cane- 
sugar mixed with a little hydrate of lime is covered with a stratum of 
ozonised oil of turpentine and left for seven months, oxalic acid is 
formed, while the rest of the sugar remains unchanged. (Berthelot, 
iV. Ann. Chim . Phys. 58, 4 26). 

When oxygen is passed over a mixture of cane-sugar and spongy 
platinum, formation of carbonic acid and water commences at 140° — 
150°, and at 250° the sugar is completely decomposed. (Eeiset & 
Millon, N. Chim. Phys. 8, 285; J. pr. Chem. 29, 365). — Cane-sugar 
mixed with spongy platinum is not affected by oxygen at the common 
temperature, but becomes heated on addition of potash, and is oxidised 
to carbonic acid and water. (Dobereiner, J. pr. Chem . 29, 452). 

4. Cane-sugar swells up in the open fire, produces an aromatic, 
choking smell of caramel, and burns with a white flame. — In the 
combustion of large quantities of sugar, a powerful smell is produced 
allied, to acrolein, which attacks the eyes and causes them to inflame. 
(Kedtenbacher, Ann. Pharm. 47, 148). 

5. Cane-sugar takes fire when triturated with 8 pts. peroxide of 
lead. (Bottgcr). Its aqueous solution yields formic and carbonic acids 
by boiling with peroxide of lead, but not so easily as glucose. (Stii- 
renberg, Ann. Pharm. 29, 291.) — By distillation with peroxide of man- 
ganese and sulphuric acid , it yields formic acid and a strong-smelling 
yellow oil, heavier than water, which may be obtained pure by neu- 
tralising the distillate with a base, distilling off the volatile part, and 
rectifying over chloride of calcium ; it is then found to be soluble in 
water. (Dobereiner, Sckio. 63, 368). Comp, also Gmelin {Fogg. 16, 55). 
Peroxide of manganese does not act npon sugar without the addition 
■of sulphuric acid. (Stiirenberg.) — Formic acid is obtained by distil- 
ling it with bichromate of potash and moderately dilute sulphuric acid. 
(W. & R. Rogers; liiinefeld, J. pr. Chem. 7, 44.) When solution of 
cane-sugar is mixed with hot concentrated aqueous bichromate Of 
potash and the mixture heated to boiling, a violent re-action sets in, 
winch continues, even after removal of the lamp, until the solution has 
become green. If | or a larger quantity of starch- syrup is mixed 
with it, no re-action or change of colour occurs. (Reich, J. pr. Chem. 
43, 72). 

Dilute solution of cane-sugar precipitates peroxide of manganese 
from aqueous permanganate of potash, without evolution of gas, and 
forms oxalate of potash, whicl} is converted by excess of perman- 
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ganate into carbonate of potash (Liebig & Polouzc, Ann. Pharrn . 
19, 279 ; Gregory & Demar^ay), If the solution contains only 0*5 — ■ 
1 p. e. sugar it remains unchanged (Monier, Compt . rend. 4-6, 577). 

If 3 pts. dry chloride of lime are added to a mixture of 2 pts. cane- 
sugar and 1 pt. hydrate of lime, and then enough water to form a stiff 
mud, the mass becomes heated after some time, swells up, evolves 
chlorine, and on addition of more water, forms a bulky jelly, which, in 
addition to substances not yet determined, contains lime-compounds of 
hypochlorons, carbonic, chloracotic and pectic (? Kr.) acids. — When 
twice as much chloride of lime is used, the re-action is less violent and 
malic acid is produced. (Schoonbrodt, Bull. Soc. Chim. Paris , 1861, 77.) 

Schoonbrodt gives the following equations : a, for the formation of pectic (or parapectic) 
acid,— 2C ,2 H n O u + 3(Ca0,C10) = C 24 H 1S * * * * * 0 21 ,2H0 + 3CaCl + 5HO;— b, for the 
formation of malic a * * cid, - C 12 H u O n + 3(CaO,C10) = 3(C 4 H 2 0 4 ,H0) + 2HO + 
3CaCi. 

6. Cane-sugar distilled with sulphur evolves sulphuretted hydrogen, 
combustible gases, and allows a metacetone-like liquid to distil. 
(Illasiwetz, Wien. Ahead. Per. 5, 184.) Similar products are obtained 
with sulphide of potassium or of calcium. 

7. Iodine is decolorised by ebullition with solution of cane-sugar and 
transformed into hydriodic acid. (Lassaigne, J. Chim. mid. 9, 654.) 
— When equal numbers of atoms of bicarbonate of potash and of 
iodine are added one after another to aqueous cane-sugar, iodoform is 
produced on wanning. (Millon, Compt. rend. 21, 828 ; J pr. Chem. 
37, 53.) — Cane-sugar is decomposed exactly into carbonic acid and 
water when heated with aqueous iodic acid to 100° for 24 hours. The 
presence of prussic acid, but not that of yellow or red prussiate of 
potash, prevents this decomposition. (Millon, Compt . rend. 19, 271 ; 
2V r . Ann. Chim. Phys. 13, 37.) 

7 a. Bromine acts on cane-sugar in the same way as chlorine 
(Kouclias, J. Pharm. 17, 116) ; it exerts no particular action. (Balard, 
Ann. Phys. 32, 346.) Cane-sugar heated with bromine and water to 100° 
in a sealed tube, till all the bromine has disappeared, yields hydrobromic 
acid, a brown liquid and humus-like products. (Barth & Illasiwetz.) 

8. Dry chlorine gas does not act on cane-sugar, even at 100°; but in 

damp chlorine, sugar acquires a smell of hydrochloric ether without 

altering its form. (Liebig.) Powdered sugar absorbs chlorine slowly, 

and is changed, with simultaneous formation of carbonic acid, into a 

brown, strong-smelling mass, which deliquesces in the air with 

formation of hydrochloric acid. (Priestley, Bouillon, Vogel.) — The 

brown mass into which chlorine slowly converts sugar in the cold, 

more quickly at 100°, is partially soluble in water. (Maumene, Compt. 

rend. 30, 314.) — By the action of chlorine on an aqueous solution of 

sugar for eight hours, -^th part, at most, is decomposed, with forma- 

tion of carbonic acid (Liebig, Pogg. 15, 570). Aqueous chlorine con- 

verts sugar into malic and hydrochloric acids (Chenevix), into the same 

acid as that which is likewise produced from gum (p. 199) (Simouin, 
Ann. Chim. Phys . 50, 3 22). — Solution of cane-sugar saturated with 

chlorine, and heated with potash after 24 hours, is coloured yellow and 
red. (Ronchas, J. Pharm. 17, 116.) — With hypochlorons acid, sugar 
forms hydrochloric acid, a small quantity of carbonic acid, and an acid 
liquid. (Balard.) — Cane-sugar, mixed with its own weight of chloride 
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of lime , becomes heated and explodes after a few minutes with vivid 
deflagration. If 1 oz. chloride of lime is mixed with 8 oz. water, and 
1 oz. sugar .is added to the filtrate, the liquid becomes hot, and, after a 
few minutes, carbonic acid is evolved, the bleaching power disappears, 
and the acid liquid deposits a little oxalate of lime. (Hunoult- 
Desfontenelles, J. Chim. me'd. 18, 23.) No chloroform is thus produced. 
(Chautard, N. J. Pharm . 27, 180.) — Chloride of lime converts sugar in 
an alkaline solution into pectic and lactic acids. (Schoonbrodt, Compt. 
rend. 52, 1071.) Concentrated solution of cane-sugar becomes heated 
when mixed with 1 pt. chloride of lime and 3 pts. water, and yields 
formic acid if the chloride of lime was neutral ; carbonic acid and 
wrnter, if it contained excess of hydrate of lime. (Bastick, N. J. Pharm. 
14, 20.) See page 252. 

9. Cane-sugar does not absorb gaseous fluoride of boron until it is 
heated, and it then becomes black. (Berthelot, N. Ann. Chim. Phys . 
38, 58.) 

10. The solution of cane-sugar in water partially loses it dextro- 
rotatory power at the common temperature by standing ; at last, it 
loses it entirely, and acquires a rotatory power towards the left, the 
cane-sugar being converted into inverse sugar. (Maumene.) Accord- 
ing to Hochstetter, this change does not occur if air is excluded, but 
more quickly in proportion as the air has freer access ; according to 
Bechamp, it is only a consequence of the formation of mould, and is 
therefore prevented by the presence of creosote. Aqueous solution of 
sugar may be kept for weeks without alteration if protected from the 
air, but if exposed to the air, it contains, after 3 days’ traces of inverse 
sugar which afterwards increase. When the air has easy excess, as 
when the sugar-solution flows over broken glass, scarcely anything 
but non-crystallisable sugar remains after so short a time as 36 hours 
(Hochstetter, J. pr. Chem. 29. 21). An aqueous solution of sugar- 
candy containing 16*35 grms. sugar in 100 cc. possesses, after stand- 
ing for 10 months at the common temperature, only 22 p. c. of its 
original rotatory power ; after a year, it has a lsevo -rotatory power 
equal to 38 p. c. of its original dextro-rotatory power. A similar solution 
prepared with loaf-sugar is somewhat more stable, because it contains 
a small quantity of lime. (Maumene, Compt. rend. 39, 914). 

Cane-sugar is converted by very long boiling icith water into 
dextro- and lmvo-glucose. (Pelouze & Malaguti, 1836, Am. Chim. Phys . 
59, 416). According to Malaguti, lasvo-glucose (fruit-sugar) is thus 
produced at first, and afterwards changed into dextro-glucose ; accord- 
ing to Bouchardat, dextro-glucose is never formed, but, after 60 1101118 ’ 
boiling, a non-crystallisable syrup, which can then, especially at 110°, 
pass into a peculiar bitter-sweet gum-sugar. According to Bubrunfaut’s 
experiments (Vicl infr., p. 254. — Decompositions ty acids.), the formation of 
dextro- and lsevo-glucose unquestionably occurs simultaneously, as is 
also admitted by Maumene and Bechamp. — This transformation of 
cane-sugar takes place at 90° — 100° (Thenard), if air is excluded, without 
the formation of acid or of colouring matter (Soubeiran), but the passage 
of air through the boiling solution of sugar causes rapid decomposition. 
(Hochstetter.) Solution of sugar of 25° B. boiled for 1 or 2 hours, the 
evaporated water being replaced, contained traces of transformed 
sugar, perhaps arising from previous formation of formic acid. The 
transformation once begun proceeds rapidly, an acid being formed 
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which does not redden litmus, though it neutralises alkalis. (TIoch- 
stetter, J.pr. Chem. 29, 21.) — Solution of sugar-candy lost from 8^ to 
4p. c. of its rotatory power when heated for 8 hours in the water-bath. 
(Maumene, Compt. rend. 89, 914). If solution of sugar is boiled, the 
water ■which evaporates being replaced, its dextro-rotatory power 
becomes weaker and weaker, and is at last quite lost. At. this point, 
and until the subsequent lsevo-rotatory power has not arrived at its 
maximum, the liquid still contains unaltered cane-sugar, for addition of 
acids still increases the Isevo-rotation. When the transformation is 
complete, for which 114 hours’ boiling is necessary, longer boiling 
causes the formation of formic and acetic acids and (even in a stream 
of carbonic acid) a dark coloration ; at last the liquid becomes opaque, 
and the Isevo-rotation diminishes again, from the partial destruction of 
the leevo-ghieose, so that it has finally a feeble dextro-rotatory power. 
The lsevo-rotatory liquid deposits crystals of dextro-glucose when 
allowed to stand, while a syrup of stronger lsevo-rotatory power 
remains. (Soubeiran, N. J. Pharm. 1, 1 ; and 96, 16 and 262.) 

11. When left to itself, or when warmed with dilute acids , solution 
of cane-sugar loses its dextro-rotatory power and acquires a lsevo- 
rotatory power, which, when the transformation {Inversion) is complete, 
amounts to 88° to the left at 14° for every 100° of the original rota- 
tion to the right (Biot). This alteration depends on the assimilation 
by the cane-sugar of 5 p. c. water, whereby it splits up into laevo- 
and dextro-glucose : C 24 H 22 0 22 + 2HO = C 12 H 12 0 12 +C 12 H 13 0 12 (Dubrun- 
faut). (Water taken up: calculated, 5*26 p. c.). 

There is produced in the transformation of cane-sugar by dilute 
acids, grape-sugar (Kirchhoff, Scher . JV. JSl. 1, 142), granular sugar (Gui- 
bourt, Ann. Chim. Phys. 16, 876 ; Boullay, J. Pharm. 16, 172), gum-sugar 
(Bouillon-Lagrange). A sugar differing from dextro-glucose is pro- 
duced which rotates the plane of polarisation to the left (Biot), and 
afterwards, in consequence of a molecular change, deposits dextro- 
glucose (Biot, Soubeiran). Cane-sugar heated with acids forms 
first IsBVo-glueose, then, if the heat is continued, dextro-glucose 
(Bouchardat) ; but since boiling w r ith acids does not alter the rotatory 
power of inverse sugar until coloration takes place, the crystals of 
dextro-glucose which arc deposited after some months, may be pro- 
duced, not by the action of the acid, but by the molecular transforma- 
tion which takes place in the course of time (Soubeiran). Subsequently, 
also, Soubeiran regarded inverse sugar as a particular variety, but 
capable of being decomposed into dextro- and Imvo-glucose. 

All acids effect the complete conversion of cane-sugar, but strong 
acids more quickly than the same quantity of weaker acids, and the 
same acid acts more rapidly the higher the temperature. The change 
is complete with T V ""tt measure hydrochloric acid at the temperature 
of the air in a few hours, the rotatory power then possessed by the 
liquid remaining constant for two days, or until coloration sets in. With 
sulphuric acid the transformation takes place slowly at the common 
temperature, but at 60° or 70° instantaneously and without coloration 
of the liquid. A solution of cane-sugar containing 66 p. c. racemic 
aqid, is only partially changed after sixteen days, completely after a 
| measure glacial acetic acid does not occasion the transforma- 
tion within two months, but completely within a year (Biot, Compt 
rend* 15> A 7 "* J* Pharm. 4, 851). Small quantities of organic 



CANE-SUGA1L 


255 


acids do not sensibly increase tlie decomposing action of water at 
common temperatures (p. 253). A 30 p. c. solution of cane-sugar 
mixed with of its weight of tartaric acid was not completely con- 
verted into inverse sugar after 5 years. (Maumene, Compt. rend. 89, 
917). The cane-sugar of lemon-juice (containing 6^ p. c. acid) is only 
very slightly changed after 12 days, not more so than. when the free 
acid is neutralised. The acid juice of the apricot may likewise be 
concentrated on the water-bath to half its bulk without the inversion 
of much of its cane-sugar (Buignet). If solutions of cane-sugar are 
heated with solutions of equivalent quantities of different acids, sul- 
phuric acid causes its inversion more quickly than tartaric acid, and 
tartaric acid more quickly than citric or than acetic acid. A larger 
quantity of the same acid is required if the sugar-solution is dilute 
than if it is concentrated (Buignet). See also Persoz (Compt. rend . 
17, 106G), Biot, N. J. Phcirm . 4, 851), Bouchardat (J. Pharm. 21, 627; 
J.pr. Chem . 7, 73; Ann. Pharm . 17, 276), Dobereiner (Ann. Pharm . 

2, 338); Mitscherlich (JSF. Ami . Chim. Phys. 7, 28), Pluquet (Pull. Pharm. 

3, 380). 

When the transformation of cane-sugar by dilute acids has taken 
place, further boiling causes coloration of the liquid, formation of ulmin 
and ulmic acid, and, if air has access, also of formic acid, while the 
remainder of the sugar is contained in the solution in a more easily 
fermentable condition (Malaguti). According to Mulder, glucic acid 
is first formed, from this apoglucic acid, by contact with air, and ulmin 
and ulmic acid, mixed, if air has access, with humin and humic acid, 
are obtained. The acid which is added remains thereby unaltered and 
can be regained in the quantity that was used (Malaguti). 

The decomposition takes place with all acids, but various quantities 
are required to bring it about in the same length of time. The solu- 
tion of 100 pts. sugar in 300 pts. water begins to deposit a precipitate 
after 35 hours’ boiling, if mixed with 0*372 pt. anhydrous sulphuric 
acid ; after 14 hours with 2*4 pts ; after 9 hours with 6 pts ; after 
2 hours with 14*7 pts. Nitric and hydrochloric acids act in the 
same way ; for every 1 pt. of these acids, 10 pts. oxalic, racemic, tar- 
taric, citric, or saccharic acid — and 16 pts. phosphoric, arsenic, phos- 
phorous, or arsenious acid, — are required. (Malaguti, Ann. Chim . Pfa/s. 
59, 407 ; J . Pharm. 21, 443; Ann Pharm. 17, 52 ; J.pr. Chem. 7, 185.) 

On heating 50 pts. water, 1 to 5 pts. oil of vitriol, and 10 to 29 pts. 
cane-sugar for a few minutes in a water-bath, a deposit of ulmic acid 
is formed (Bouchardat). Transformed cane-sugar, heated with pt. 
oil of vitriol, yields, after a few minutes 1 boiling, a brown liquid, which 
leaves bitter-sweet molasses by evaporation, cannot be decolorised by 
animal charcoal, and is uncrystallisable (Bouchardat). Solution of 
cane-sugar does not lose the rotatory power peculiar to inverse sugar 
until boiled for 15 or 20 hours with dilute sulphuric acid, and then 
deposits much less ulmiu in the first few days than later. If it be boiled 
with a small quantity of acid until a deposit forms, and this be filtered 
off, a large quantity of ulmic acid separates in the cold after a long 
time, but no ulmin ; the latter body must therefore be formed from 
the ulmic acid by boiling. By 84 hours’ boiling of 40 gnus, sugar- 
candy with 120 grms. water and 2 grms. anhydrous sulphuric acid, 
13 grins, ulmin and ulmic acid, and, in contact with air, 4*47 grms. 
formic acid can be obtained, while all the rest of the sugar remains 
in solution in a more easily fermentable condition (Malaguti). If 
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solution of cane-sugar is heated with dilute sulphuric acid, but not to 
boiling, nlrain and ulmic acids are obtained, mixed, if the solution is 
boiled, with humin and humic acid. These humous substances are formed 
more quickly if air has free access ; concentration of the acid promotes 
their formation less than long boiling ; but on an average, not more 
than | of the sugar can be converted into them, the rest remaining in 
solution as glucic acid (xiii. 237), and if air has access, also as apoglucic 
acid (xiii. 365). If the action of the acid is not complete, nncrystal- 
lisable sugar remains behind, and is converted by dilute, not by concen- 
trated acid, into humin. The humous substances are not produced at 
the boiling point in vacuo : if very concentrated acid is used, a, black 
substance is obtained having the composition of humin, but differing 
from it. By the use of more dilute acid, nothing but glucic acid is 
obtained. At the higher temperature at which the mixture boils in 
air free from oxygen, formic and ulmic acids are produced, but neither 
humin nor humic acid (Mulder, J.pr. Cheni. 21, 207). 

If cane-sugar is heated, not to boiling, with hydrochloric acid, the 
red-brown liquid deposits a few brown flocks. If it is heated to boil- 
ing after these have been filtered off, a more abundant black pre- 
cipitate is obtained, which is slightly soluble in boiling water, more so 
in water containing hydrochloric acid, partially soluble in aqueous 
potash and ammonia. The brown flocks contain 62*54 p. c. 0. and 
4*75 H. ; the black precipitate at 140°, on an average, 64*12 p. c. C. 
and 4*71 EL, corresponding to the formula C 24 li 9 0° (calculation 64*0 
p. c. 0., 4*0 EL). The latter body is also obtained by boiling sugar 
with concentrated hydrochloric acid (Stein, Ann. Pharm . 80, 84). 

12. By neutral salts. Aqueous solutions of cane-sugar mixed with 
sulphate of zinc, nitrate of lead, mono-phosphate or arseniate of potash, 
or with a large quantity of corrosive sublimate, lose their dextro-rotatory 
power partially or entirely by standing at the temperature of the air, 
and occasionally acquire a rotation towards the left, without the 
formation of mould taking place. Corrosive sublimate causes this 
transformation even in presence of creosote. On the other hand a solu- 
tion of cane-sugar containing ^ of its weight of fused chloride of zinc 
(or of chloride of calcium) hardly decreases in rotatory power by stand- 
ing for 9 months, or when heated for an hour to 50°. The presence of 
a small quantity of corrosive sublimate, nitrate of zinc, neutral or acid 
sulphate of potash, prevents the formation of mould in solutions of 
cane-sugar, and consequently also the decomposition. Most other 
salts, and likewise nitric and arsenic acids, do not prevent the formation 
of mould, and in many cases the decomposition of solution of cane- 
sugar goes on more rapidly in their presence than without them. If 
solutions of cane-sugar are mixed with neutral and acid sulphate of 
soda and one drop of creosote, no formation of mould or decomposition 
takes place by standing, but creosote has not power to arrest the 
formation of mould when it has once begun. In the case of some 
salts, a summer temperature seems to be required for the decomposition ; 
nitrogenous mould and organic acids result from the decomposition 
itself, but the latter are not formed in such quantity that the 
diminished rotatory power of the solution can be explained by the 
diminution of the quantity of sugar. (Bechamp, JST. Ann. Ghim . Pirn. 
54, 23.) 

Sugar-solutions which contain alkaline carbonates, sulphates, or 
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chlorides, behave like pure solutions of sugar, when long kept or 
boiled, but the crystallisation of the sugar is impeded. A solution 
containing 2 pts. chloride of sodium or chloride or calcium to 100 pts. 
cane-sugar cannot be made to crystallise except when the salts have 
been removed by animal charcoal. Alkaline nitrates and sulphates 
partly crystallise out from the solution of sugar when they are present 
in large quantities, but part forms a slimy mass with the sugar 
(Hochstetter, J. pr. Chem. 20, 26). 

Dry cane-sugar is not altered by being heated in a sealed tube to 
100° for several hours with chloride of sodium , chloride of strontium , or 
chloride of barium ; but addition of a small quantity of water occasions 
the formation of inverse sugar more abundantly than it would be 
formed in presence of water alone. The same transformation takes 
place quickly, the mass being blackened, with sal-ammoniac and a small 
quantity of water, but not with chloride of potassium, chloride of 
sodium, or flour-spar. (Berthelot, N. Ann Chim. Phi/s. 38, 57.) 

13. Cane-sugar distilled with phosphoric acid (likewise with 
sulphuric acid or protochloride of tin) yields formic acid and a volatile 
oil (furfurol?) (Emmet J. pr. Chem. 12, 120). — Anhydrous phosphoric 
acid does not attack cane-sugar until heat is applied ; it then blackens 
it, with evolution of formic acid and formation of humus-like bodies. 
(Handtke, Pharm. Zeitschr. 1850, 37 ; Lieb. Kopp. Jaliresber. 1850, 
534.) 

14. Cane-sugar covered with cold oil of vitriol becomes brown 
without evolving sulphurous acid ; the mixture is completely soluble 
in water without separation of carbon, and, after neutralisation of 
the sulphuric acid with chalk, filtration, and evaporation to dryness, 
yields a dark brown residue containing sulphur. (Braconnot, Ann. 
CJiim , Phys. 12, 189.) Oil of vitriol produces with cane-sugar the same 
black acid as that formed from racemic acid by alkalis and also saccharo- 
sulphuric acid, or a similar compound. (Peligot.) If the process is 
arrested at the right moment, humous substance is also formed. (Boul- 
lay.) The filtrate obtained by mixing cane-sugar with oil of vitriol, 
dilution, and neutralisation with baryta, contains acetate and formiate 
of baryta. (Herzog, N. JBr. Arch. 50, 299.) If a porcelain plate is 
moistened with a solution of sugar in 30 pts. water, and heated by 
steam to 100° ; very dilute sulphuric acid dropped upon it causes a 
black mark, or, if the acid is very dilute indeed, a green mark. 
(Bunge, Pogg. 31, 517.) Runge employs this re-action for the detection of free 
sulphuric acid and of sugar. 

'When cane-sugar is heated with oil of vitriol, sulphurous acid is 
produced. 10 grins, cane-sugar warmed with 40 grins, oil of vitriol 
froths up, blackens and yields 1 litre of gas, containing carbonic acid 
and carbonic oxide in equal volumes, and a solid residue. (Filhol, 
ff, J . Pharm. 8, 100 ; J. pr. Chem. 36, 60.) 

15. Concentrated hydrochloric acid acts violently on cane-sugar 
and chars it. (Boullay, J. Pharm. 16, 172.) Powdered sugar slowly 
absorbs hydrochloric acid gas, and is converted into a brown strongly 
smelling compound from which oil of vitriol evolves hydrochloric acid 
gas. (Bouillon- Lagrange.) 

16. Cane-sugar mixed with chlorate of potash explodes when struck 

, vox.. XV. 8 
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with a hammer, and deflagrates when a drop of oil of vitriol is let fall 
upon it. (Bouillon- Lagrange & Vogel.) — A mixture of 1 pt. cane- 
sugar, 1 pt. prussiate of potash, and 2 pts. chlorate of potash 
(Aug'endre, Pharm . Centr. 1850, 215), or better of 28 pts. cane- sugar, 
28 pts. prussiate of potash, and 40 pts. chlorate of potash, constitutes 
white gunpowder, which explodes by a spark, and may be used instead 
of common gunpowder for fire arms and blasting. (Fold, Wien. Ahead. 
Per. 41, 634 ; Chem. Centr. 1861, 280.) 

17. Fuming nitric acid converts cane-sugar into nitro-saccharosc. 
(Sobrero, Compt . rend. 24, 247.) From its solution in fuming nitric acid 
it is precipitated as a nitoo- compound by oil of vitriol, but not by 
water. (Domonte & Menard, Compt. rend. 24, 300.) Hence also Braconnot 
obtained no xyloi'din. — Immersed in nitro -sulphuric add , it is converted 
into nitro-saccharosc, which soon separates as a tough mass, while 
the acid solution, which is not precipi table by water, retains a bitter 
taste. (Schdnbein, Pogg. 70, 104.) On adding to nitric acid (pre- 
pared from 3 vol. oil of vitriol and 2 vol. nitric acid of sp. gr. 1*5, 
} of its weight or more of powdered sugar, without cooling, and 
leaving the mixture to itself, it took Are. (Eeinsch, Jahrb. pr. Pharm. 
18, 102.) 

Cane-sugar heated with nitric acid of sp. gr. 1*3, or with still more 
dilute acid, is decomposed, with evolution of nitrogen, nitric oxide, 
nitrons acid, prussic acid, carbonic and acetic acids, and formation of 
saccharic and oxalic acids. According to Erdmann’s experiments, tar- 
taric acid is also formed, and according to Siewcrt, also cassonie acid 
(see p. 259). — When 8 pts. nitric acid are poured upon 1 pt. cane-sugar 
at 3 f °, the liquid around the sugar becomes red in a few minutes, at 
15° it becomes pale yellow, and at 44° the sugar deliquesces to a 
yellow layer under the clear colourless acid. At 56° the liquid 
becomes yellow and evolves nitrous acid ; it darkens as the heat is 
increased, until, at 87*5°, it is opaque, and then, with evolution of 
nitrous acid, again becomes colourless. The temperature of a mix- 
ture heated to this point rises spontaneously to 112*5°. (Schlesingor, 
Pepert , 74, 24.) 

By the action of 3 pts. nitric acid of sp. gr. 1*25 to 1*3, at a 
temperature not exceeding 50°, scarcely a trace of oxalic add, but a 
large quantity of saccharic acid is produced* Cane-sugar heated with 
3J pts. nitric acid, until gas begins to he given off, then cooled to 60° 
and kept at this temperature, yields nearly 11 p. c. of its weight of 
neutral saecharate of potash. (Heinfz, Am. Pharm. 51, 185. — Perl. 
Ahead. Ber. 1858, 413 ; J.pr. Chem . 74, 474.) Formerly (Ann. Pharm. 21, 1.) 
Erdmann stated that he had obtained tartaric acid, hut afterwards (J, pr. (them. 15, 4S0) 
withdrew the statement. Since, however, Liebig (Ann. Pharm. 113, 1), has obtained 
tartaric acid from mannite, and Heintz (BerL Akad. Ber. ’I860, 283) has obtained it 
from saccharic acid, the statement appears nevertheless to he correct. See also milk- 
sugar p, 220, and saccharic acid, xi. 516. — Oxalic acid is formed especially 
when sugar is heated for a long time with excess of nitric acid. If 
cane-sugar is boiled with increasing quantities of nitric acid of sp. gr. 
1*38 and each portion is evaporated to the same bulk, a colourless 
syrup, which becomes coloured on heating, is obtained with 2 pts nitric 
acid ; the same mixed with crystals of oxalic acid is obtained with 
4 pts. acid; with 10 or 12 pts. acid, nothing but crystals of oxalic acid, 
amounting to 58 or 60 p. c. of the sugar, and without any sticky 
mother-ley, are obtained. (Schlesinger, Pepevt. 74, 27.) — The dark 
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mother-ley, which remains after separating the oxalic and saccharic 
acids formed by treating cane-sugar with commercial nitric acid, con- 
tains cassonic add , which may be precipitated by sugar of lead. This 
compound, when separated from its lead-salt, forms an uncry stall isable, 
reddish syrup, whose aqueous solution produces a metallic mirror with 
ammoniacal nitrate of silver, is precipitated by excess of baryta-water, 
and when mixed with ammonia and chloride of barium throws down 
white flocks of cassonate of baryta, containing C 10 H 6 Ba 2 O u . (Siewert 
Zeitschr. f. d. ges. JSfaturw. 14, 337 ; abstr. Popp's Jahresber. 1859, 548.) 

18. In contact with moist or aqueous arsenic add , cane-sugar deli- 
quesces in a few hours, even in the dark and when air is excluded, to a 
syrup which is red at first, but after 14 days becomes red-brown, and at 
last black-brown and evolves a smell of acetic acid* Part of the arsenic 
acid is thus converted into arscnious acid and part of the sugar into 
glucose. (Eisner, Schw. . 50, 348. — Gl, 230.) The reduction of the 
arsenic acid is not essential ; on the one hand, humus seems to be pro- 
duced by the elimination of water, and, on the other hand, glucose by 
its fixation. (Schweigger-Seidel, Schw. 61, 356.) The red colour is 
due to the formation of humus. (Malaguti.) A dry mixture of sugar 
and arsenic acid deliquesces in dry air over hydrate of lime to a red 
mass, which becomes black after a few days. (Rouchas, J. Pharm. 
17, 116.) The red solution gives a rust-coloured precipitate with 
lime-water. (Baumann, N. Br . Arch. 37, 47.) A solution containing 
■Jq pt. cane-sugar heated in steam for a few seconds with a 1 p. c. 
solution of arsenic acid, becomes red at the margin, and on evapora- 
tion leaves a bright red spot. (Eisner, Fogg. 47, 481.) Arsenic acid 
added to solution of cane-sugar does not prevent the formation of 
mould and the consequent decomposition of the sugar on standing ; 
arsenic acid and creosote together only prevent the decomposition 
from beginning, they do not arrest it Tyhen once begun. (Bechamp.) 
See also p. 256. 

19. Cane-sugar heated for some time with aqueous osmic add 
evolves carbonic acid, and forms oxalic acid and a peculiar acid 
whose ammonia-salt is soluble in alcohol. (Buttlerow, J. pr, Chem. 
56, 274.) — Cane-sugar reduces vanadic add to vanadic oxide. (Ber- 
zelius.) 

20. A mixture of cane-sugar and oxalic acid moistened with water, 
deliquesces in the water-bath, to a colourless syrup, which afterwards 
becomes brown and lastly black-brown, and yields to water fruit-sugar 
and glucose, while a black residue remains, containing 61*87 p. c. carb., 
4*48 hydr., and 33*65 oxyg., answering to the formula C s *H 10 O 10 (cal- 
culation : 61*54 p. c. carb., 4*27 liydr.) and resembling Mulder’s humin 
[more closely, Maumenes caramclin (p. 262) (Knop, Chem. Centr. 1856, 
847)]. A little carbonic acid escapes at the same time, and formic 
acid, produced by the decomposition of oxalic acid, not of the sugar, 
passes over with the aqueous vapour (together with oxalic . add). 
(Van Kerckhoff, J. pr. Chem . 69, 48 ) See also Dobereiner (Ann. Pharm. 
2, 338). 

21. Oane- sugar heated to 100° or 120° with acetic, butyric , benzoic, 
or steanc add , yields, with elimination of water, products resembling 
those obtained' from glucose under the same circumstances. Tartaric 

11 1 s 2 
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acid heated with 1 at. cane-sugar gives Bertlielot’s ackle ghcoso -ditar- 
trique . (Berthelot, N. Ann. Chim. Phys. 54, 78. — 60, 93 ; Chim. organ . 
2, 257, 271 and 295.) A mixture of cane-sugar and succinic acid in 
atomic proportions melts to a dark brown syrup at 120° 130°, and 

yields a compound of succinic acid with glucose, water being* set free, 
(van Bemmelen, Popp's Jahresber . 1858, 436.) We ought perhaps, with 
Berthelot (Chim. organ, 2, 295). to regard these compounds as mixtures containing 
succinic acid combined, partly with Jsevo -glucose sugar, and partly with dextro -glucose. 
[Kr.] 

22. When ammonia gas is passed over cane-sugar which is heated 

above 150°, but not so strongly as to decompose it, water and 
carbonate of ammonia escape, while liquid and insoluble substances 
remain in the residue, containing 10 p. c. of nitrogen not removable 
by aqueous alkalis. These bodies are not formed at 130°. (P. The- 

nard.) Cane-sugar behaves like starch (p. 87) when heated with 
aqueous ammonia. (Schiitzenberger, Zeitschr. Ch. Pharm. 4, 65.) 
See also Schoonbrodt (Compt. rend. 52, 1071) who states that he obtained from sugar, 
by the action of ammonia with the aid of phosphoric acid, a product containing 
C 24 N 3 H 18 0 9 . 

By beating equal parts of cane-sugar syrup and aqueous ammonia in 
sealed tubes to 180° for 38 or 40 hours, a soluble and an insoluble black 
substance are obtained. The latter can be further decomposed, so that 
altogether four black or brown bodies are formed. Among them is a 
product soluble in alcohol, insoluble in water, containing 65 ’6 6 p. c. 
carb., 6*05 hydr. 19*36 nitr., and 8*93 oxyg., according to Thenarcl, 
C 48 N B H 2fl Q 5 . Another product, which is insoluble in water and in 
alcohol, but soluble in acids, contains 54*26 p. c. carb., 8*34 hydr., 
18*78 nitr., and 21*62 oxyg. ; Tlienard assigns to it the formula 
C^xs 8 H 32 0 16 . (P. Thenard. Bull. Soc . Chim. Paris , 1861, 18 and 33 ; 
abstr. Compt rend. 52, 444 ; Pep. Chim. pure, 3, 207.) 

23. Cane-sugar heated with potassium or sodium is decomposed 
with faint evolution of light, into charcoal and alkali. (Gay-Lussac & 
Thenard.) 

A mixture of cane-sugar with 4 or 5 pts. potash-hydrate and a small 
quantity of water, becomes at first brown when heated, but is after- 
wards decolorised, evolves hydrogen, and then contains a large 
quantity of oxalate of potash. (Gay-Lussac, Arm. Chim. Phys. 41, 398 ; 
Pogg. 17, 171; Schw. 58, 87.) 100 pts. cane-sugar yield 32*1 pts. 
oxalate of lead. (Buchner & Herberger, Pepert. 38, 189.) — If cane- 
sugar is added to hot concentrated ^potash-ley (such as would solidify 
on cooling) to the extent of ^ the weight of the potash-hydrate, the 
mass becomes brown, evolves hydrogen, gives off an aromatic smell of 
caramel, becomes thick after a few minutes, froths up until the brown 
colour has disappeared, and solidifies. The mass yields, on distillation 
with dilute sulphuric acid, carbonic acid, formic, acetic, and metacetic 
acids, and deposits binoxalate of potash. The sugar is in this case 
decomposed into carbonic acid, acetone and metacetone, the last of 
which yields propionic acid, while the acetone yields formic and 
acetic acids. Both are at last partially converted into oxalic acid, 
(Gottlieb, Ann. Pharm. 52, 122.) 

Cane-sugar does not become sensibly brown when boiled with 
potash-ley. (Boullay, J. Pharm. 16, 172. — Chevalier, Jr Chim. mid. 
18, 471.) Solution of sugar heated with potash-ley to 88° and then 
neutralised with acid does not regain the whole of its rotatory power, 
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■which is still further diminished when it is boiled or evaporated down. 
(Michaelis, J. p?\ Chem. 428.) — When cane-sugar is boiled for a 
long time with a small quantity of potash, out of contact with air, the 
potash becomes saturated with ulmic acid ; if air has access, formic 
acid is also produced. (Malaguti, Ann. Chim. Phys. 59, 420.) — Car- 
bonate of potash does not diminish the rotatory power of sugar when 
heated to 88°, but when boiled it does so to a less extent than caustic 
potash. (Michaelis.) By boiling solution of cane-sugar for 72 hours 
with Jq- pt. crystallised carbonate of soda, an acid black liquid is 
formed possessing, lsevo-rotatory power. (Soubeiran.) 

When a mixture of cane-sugar and inverse sugar is boiled for a 
few moments with caustic potash, the mass becomes coloured brown 
and black. After saturation with carbonic acid, basic acetate of lead 
precipitates from it nearly all the colouring matter, but no crystals 
can be obtained from tho slightly-coloured solution which contains the 
whole of the cane-sugar, no doubt because the products of decom- 
position of the inverse-sugar prevent the crystallisation (Buignet). 

24. Solutions of cane-sugar mixed with hydrate of lime exhibit 
greater stability when boiled or long kept than pure aqueous sugar- 
solutions (Bouchardat, Soubeiran, and others. Comp. p. 253 ). Hence 
the following observations are perhaps to be explained by the impurity 
of the sugar employed. When the compound of lime with cane-sugar 
is dissolved in a small quantity of water and exposed to the air, the 
lime separates out as carbonate, and the liquid changes to a white, 
tasteless paste, soluble in boiling water. This solution does not 
colour iodine, gives a slight turbidity with oxalic acid, and is pre- 
cipitated by acetato of lead, bichloride of tin, and alcohol. It leaves 
on evaporation a solid brown mass which retains its solubility in 
water (Daniell, Ann. Chim. Phys. 10, 221). Braconnot found in aqueous 
sucrate of lime which had been kept for four years, a deposit of oxalate 
and malate of lime, and in the solution acetate of lime and cane-sugar, 
but no gum {Ann. Chim. Phys. 68, 837). — * If a solution of cane-sugar 
supersaturated with lime is allowed to stand for a year in an air-tight 
bottle, the excess of lime contains neither oxalic nor malic acid. After 
removing the dissolved lime, evaporating and redissolving in alcohol, 
cane-sugar crystallises out, while melassic acid, saccharic acid, and 
uncrystallisable sugar remain in the mother-liquor (Brendecke, N. Br. 
Arch. 29, 75 ; see also Berthelot p. 251). 

When an intimate mixture of 1 pt. cane-sugar and 8 pts. quick-lime 
is heated, a violent ro-action takes place, as the sugar gives up water 
to the lime, continuing even after the mixture is removed from the fire ; 
no gas is evolved, but a brown, oily mixture of acetone and metacc- 
tone passes over. (Fremy, Ann. Chim . Phys. 59, 5.) The same pro- 
ducts are obtained in greater abundance with 3 pts. lime to 1 pt. sugar. 
(Gottlieb, Ann. Pharm. 59, 5.) — When cane-sugar is distilled with 
soda-lime , small quantities of ethylene, propylene, and amylene are 
obtained. (Berthelot, Inst. 1857, 269; Kopp’s Jahresber. 1857, 426.) 

When considerable quantities of cane-sugar are heated with 3 to 
8 pts. quick-lime, combustible gases are evolved, and a liquid distillate 
passes over, containing acetone, oils of the formulae C u H u 0 3 , C 16 H 15 0 3 , 
C 20 H 17 0 3 , and C^H 25 !) 3 , a small quantity of resin, and substances soluble 
in potash-ley. (R. Schwarz.) 
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When the liquid distillate is rectified with water, the resin remains behind^ while a 
pals yellow oil floats on the water which passes over. On agitating this resin with milk 
of lime, and distilling the filtrate with dilute sulphuric acid, acetic and propionic acids 
pass over. 

The pale yellow oil gives up acetone to water ; the insoluble portion is partly dis- 
solved, with dark red-brown colour, by potash -ley, the oil which floats on the surface 
acquiring at the same time an agreeable odour. The potash-solution, distilled with 
sulphuric acid, deposits resin and gives off traces of fatty acids, together with a neutral 
oil having an odour of peppermint, containing 61*07 p. c. carbon, 12*10 hydrogen, and 
26*83 oxygen, and agreeing, according to Schwarz, with the formula C 5 H“0 3 . 

The portion of the pale-yellow oil which has been treated with water and potash- 
ley, if again subjected to fractional distillation, passes over between 70° and 250°, but 
not completely. The portion volatilised at 70° contains 70*30 p. c. C„ 9*52 IT., and 
20*18 O., according to Schwarz = C 14 H n 0 3 ; that which volatilises at 95° contains 
73*72 C., 10*25 H., and 16*03 O., according to Schwarz = C 18 IP 5 0 3 (perhaps dumasxn 
ix. 25 ? Kr.) : that which volatilises at 100° contains 77*61 p. c, C., 11*29 II. , and 
10*10 0., according to Schwarz = C 2s H 25 0 3 (phorone xiii, 342? Kr.), and that which 
volatilises at 150° contains 74*40° p. c. C., 10*15 H., and 15*45 O., according to 
Schwarz = C 20 H 17 O 3 . — The mixture of these compounds, treated with oxidising 
agents, yields fatty acids and a neutral oil containing 76*60 p. c. C., 10*48 H., and 
12*92 O. The same mixture, boiled for some time with potash-ley, becomes dark-coloured 
and yields resin and a mobile oil containing 72*01 to 73*46 p. c. C., and 10*61 to 10*08 H. 
The latter is further decomposed by hot nitric acid, yielding oxalic acid and a new, 
volatile oil (78*68 p. c. C., 10*59 H., and 10*63 O. — C 10 H 8 O: Schwarz). It is also 
decomposed by oil of vitriol or anhydrous phosphoric acid, producing a hydro-carbon 
(89*81 p, c. C. and 10*18 H. — C 12 H 8 , Schwarz), whose boiling point lies at about 180°, 
differing, therefore, from that of cumene and that of mesitylene (R. Schwarz, Wien, 
Akad. Ber. 5, 159 ; J. pr. Chem. 51, 374). 

25. Cane-sugar solution lieated with basic nitrate of bismuth , does 
not alter it, or merely gives it a faint yellowish colour. (Bottger, 
Jahrb. pr. Pharm. 22, 23.) — 26. Boiled with acetate of zinc , it gives 
off a trace of carbonic acid. (Peschier, J. Pharm . 3, 508.) — 27. A 
clear mixture of cane-sugar and aqueous protochloride of tin , kept in a 
sealed tube, deposits a white precipitate, without further alteration. 
In contact with the air, it turns brown after some hours, and gives off 
an odour of caramel. (Bechamp, A 7 . Ann. Chim . Phys. 54, 38.) 

28. When an aqueous solution of 1 pt. cane-sugar and 15 to 30 pts. 
5-hydrated bichloride of tin is evaporated to dryness, and the residue 
heated to 120° — 130°, it blackens and is converted into Maumene’s 
caramelin C l2 H 4 Q 4 . This black-brown caramelin, insoluble in water, 
dilute acids, and alkalis is (different from Gelis’s caramelin, and) formed 
from sugar by abstraction of 7 at. water : O na Il u O u = C 12 IP0 4 + 7110. 
(Maumene, Compt. rend. 30, 314, 447 ; 39, 422.) With a smaller 
quantity of chloride of tin {protochloride of mercury or terchloride of 
antimony), a brown substance partially soluble in water is produced, 
perhaps a mixture of caramelin and unaltered sugar. — This re-action 
is applied by Maumene to the detection and estimation of sugar ; but 
all carbohydrates behave in the same way. 

29. When the compound of cane-sugar with oxide of lead is heated for 
three hours to 168°, the residue decomposed under water by hydro- 
sulphuric or carbonic acid, yields a colourless solution, from which by 
evaporation a transparent noil-solidifying syrup is obtained. (Berze- 
lius, Jahresber . 19,442.) See below. When neutral acetate of lead is 
boiled for some time with solution of cane-sugar, a brown precipitate 
is obtained. (Peschier, J . Pharm. 3, 508.) 

30. Besguichloride of iron is reduced to protochloride by heating 
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with cane-sugar solution, without evolution of carbonic acid. Cane- 
sugar heated with ferric oxide, sulphuric acid, and water, yields formic 
and carbonic acids. (Hiinefeld, J. pr. Chem. 7, 44.) — With ferric 
acetate , cane-sugar solution gives off a small quantity of carbonic acid, 
and deposits ferrous oxide. (Peschier, J. Pkarm . 3, 508.) — When 
1 pt. of iodide of iron, 1 pt. cane-sugar, and 4 pts. water are evaporated 
together to dryness, the residue, after standing for a week, gives up 
a portion of its substance to water. The dark-brown filtrate contains 
iodide of iron, but is no longer capable of fermenting with yeast. The 
residue is a black-brown powder which is slowly decomposed by hydro- 
chloric acid into a brown solution and cinnamon-brown flocks, gives off 
iodine when heated, and leaves charcoal, after the combustion of which 
ferric oxide remains. Soda-ley withdraws iodine from the residue and 
leaves a mixture of ferric oxide and charcoal. (Frickhinger, liepert. 
85, 210.) 

31. When a strong solution of cane-sugar is boiled with a few 
lumps of potash, then diluted with water, and nitrate of cobalt added, 
a beautiful violet precipitate is formed winch turns greenish on stand- 
ing. The presence of grape-sugar prevents the formation of the pre- 
cipitate. (Reich, J. pr. Chem. 48, 72.) 

32. With Cupric Salts. — Cane-sugar solution left in contact with 
cupric hydrate for a week in the cold, neither alters its colour nor gives 
off carbonic acid ; but after from 4 to C hours’ boiling — the water which 
evaporates being replaced — cuprous oxide begins to form. (Busch, 
Ann. JPharm. 4, 60.) Cupric hydrate preserves its colour when left to 
stand in the cold, or when boiled for a short time with syrup of cane- 
sugar, but after longer boiling it gives up its water, turns brown, and 
after two hours’ boiling is reduced to yellow cuprous oxide. If the 
syrup contains a trace of alkali, the cupric hydrate dissolves imme- 
diately, and is then precipitated by the sugar as cuprous oxide, this 
solution and precipitation going on till the whole of the cupric oxide 
is reduced. (Hun ton, Lond. Ed. May. J., 11, 154.) When cupric 
hydrate washed with cold water, is boiled with cane-sugar solution and 
a’ little caustic alkali, the colourless liquid filtered from the precipitated 
cuprous hydrate contains oxalic acid (J. J. Pohl, J. pr. Chem. 63, 359), 
carbonic and acetic acids. (Bccquerel, Aim. Chim. Phys. 47, 5.) Ignited 
cupric oxide is not altered by boiling for several hours with solution of 
cane-sugar, hut in presence of lime or alkalis, it dissolves and is preci- 
pitated as cuprous oxide. (Kunton.) When cupric hydrate is heated for a 
short time with cane-sugar, and a quantity of potash not sufficient for complete solution, 
a permanent green colour is produced. (Pohl.) — Oane-SUgar boiled with 
aqueous cupric sulphate throws down metallic copper (from which aqueous 
ammonia removes a brown-red film), while a small quantity of cuprous salt 
remains dissolved. ('Vogel, Schw. 13, 102.) The concentrated solu- 
tion of equal parts of cuprjc sulphate and cane-sugar acquires by 
boiling, a blue-green, dark-green, and finally dark-brown colour, and 
deposits metallic copper, after the removal of which the supernatant 
liquid again appears green. On boiling the liquid for several hours 
and replacing that which evaporates, it becomes dark-brown, viscid, 
and smells like caramel. (Pohl.) The solution of equal parts of cupric 
sulphate and cane-sugar yields, on addition of soda-ley, a precipitate 
of cupric hydrate, which redissolves with deep-blue colour in excess of 
soda-ley, and is precipitated as red cuprous oxide when heated. (Mit- 
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scherlieli, Pogg. 49, 402.) If a sufficient excess of alkali is present, 
the blue solution remains unaltered in the cold for several days, and 
deposits a small quantity of cuprous oxide only after some weeks. 
The reduction does not take place till after some time, even on boiling. 
(Trommer, Ann. Pharm. 39, 360.) After 14 days’ standing in closed 
vessels, it deposits a green-blue precipitate and cuprous oxide. 
(Schwertfeger, Jahrb. pr, Pharm. 7, 292.) — When cane-sugar is 
boiled with cupric chloride , the liquid on cooling deposits cuprous 
chloride; from cupric nitrate nothing’ is precipitated on boiling, but 
the liquid afterwards yields a yellow precipitate with potash. From 
cupric acetate , cane-sugar precipitates on boiling* (slowly in the cold, 
more quickly at 36° : Postel, J. Pharm. 18, 570), a large quantity of 
cuprous oxide containing organic matter, whilst a deliquescent sugar 
remains in the liquid. ("Vogel ; Buchner, Sclm. 14, 224.) At the begin- 
ning of the boiling, a small quantity of carbonic acid is evolved. (Pescliier, J. Pharm . 
3, 50S.) After half-an-hour’s boiling of 1 pt. verdigris, 48 pts. water, and 48 pts. 
sugar, the whole of the copper is precipitated as cuprous oxide, together with a colour- 
less jelly soluble in water. (Holger, Zeitschr. phys.-matk. 3, 401.) According to 
Baumann (IV. Br. Arch . 37, 47), cane-sugar solution is not altered by boiling with 
cupric sulphate, chloride or acetate, or with cuprammonia. 

33. Mercuric oxide boiled with an aqueous solution of cane-sugar is 
converted into a black powder containing mercurous oxide. (Vogel). 
From solution of mercuric chloride , cane-sngar at the boiling heat, throws 
down calomel (Vogel), a dirty brown precipitate (Peschier); from 
mercurous nitrate it reduces the metal, together with a small quantity 
of mercurous oxide, and converts mercuric acetate into mercurous acetate. 
(Vogel, Schw . 13, 162; Buchner, Schiv. 14, 224). According to Baumann, 
mercurous nitrate is not reduced by sugar at the boiling heat. 

34. Cane-sugar triturated with nitrate of silver soon becomes moist, 
and reddens the more quickly as it is exposed to a brighter light. 
Aqueous cane-sugar mixed with nitrate of silver deposits (at the boil- 
ing heat, according to Vogel) a black powder (Rouchas, J. Pharm . 17, 
116 ; N. Tr. 24, 2, 187) which appears to be a mixture of oxide and 
metal. (A. V ogel.) According to Baumann, aqueous nitrate or ammonio-nitrate 
of silver is scarcely reduced by boiling with cane-sugar solution. — Chloride of silver 
covered with concentrated potash-ley is reduced to the metallic state 
by cane-sugar. (Casaseca, Compt. rend. 32, 686 ; J. pr. Chem. 53, 318.) 

35. Cane-sugar boiled with aqueous bichloride of platinum precipi- 
tates nothing, according to Baumann; a black-brown substance, accord- 
ing to Peschier. — 36. From aqueous terchloride of gold it precipitates 
first a light red, then a dark red powder. (Vogel, Buchner.) 

37. When a mixture of cane-sugar, bromide of ethyl , and lumps of 
potash-hydrate is heated to 100° for several days, Bertlielot’s ethyl- 
glucose is obtained. (Berthelot. JV. Ann. Chim. Phys. 60,103; Chim. organ. 
2, 301.) 

38. A solution of indigo mixed with carbonate of soda is not deco- 
lorised by prolonged boiling with cane-sugar solution. (Mulder, 
27. Pr. Arch. 105, 268.) 

39. Cane-sugar is not altered either by diastase (Guerin- Varry, 
Ann. CMm. Phys. 60, 32), or by mulsin. (O. Schmidt.) 
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40. Moderately concentrated aqueous solutions of cane-sugar left 
in contact with certain nitrogenous bodies, at temperatures between 
10° and 80°, undergo transformations distinguished by the names 
Vinous, Lactous, and Mucous Fermentation. (See vii, 96.) 

A. Vinous Fermentation. — The clear juice of sacchariferous plants 
left to itself in contact with the air at temperatures between 20° and 
24°, becomes turbid after a few hours, gives off carbonic acid, becomes 
warmer than the surrounding air, and remains in a state of transfor- 
mation for an interval varying from 48 hours to several weeks, accord- 
ing to the temperature, the amount of sugar present, and the nature 
of the nitrogenous matters, — till in fact the whole of the sugar is 
decomposed. As soon as the evolution of carbonic acid is terminated, 
a substance previously suspended in it, the ferment , separates, partly 
carried upwards by adhering gas-bubbles, partly downwards, leaving 
the liquid clear, which then, in place of the sugar, contains alcohol, 
glycerin, and succinic acid. The ferment formed in this process, if 
introduced at about the same temperature, into a moderately dilute 
solution of pure sugar, induces therein also the decomposition of the 
sugar into the same products. 

Solutions of sugar containing glut in altered by the process of 
germination or of mashing, undergo, on standing, an irregular fer- 
mentation, which however may be rendered regular by the introduction 
of a small quantity of ferment. Such is the case in the fermentation of 
beer- worts. — Comp. Ure (/. pr. CJiem. 19, 183). — When albuminoidal sub- 
stances, glutin, casein, or substances of like nature, are introduced into 
sugar solutions, and the liquids are exposed for some time to the air, 
sometimes vinous fermentation takes place, sometimes another kind of 
decomposition. See the details below. 

The views of Schwann already mentioned (vii, 109) on the conditions of fermenta- 
tion, and those of Cagniard de Latour on the nature of yeast, have been further deve- 
loped by Mitscherlich, B Ion dean, Schroder & Busch, Van den Broek, Pasteur, and 
others, and may now be regarded as established. For the opposite views of Liebig, see 
Handworterb. 3, 117; Agriculttir-chemie, 5 Aufi. 469; this Handbook , vii, 109; of 
Schmidt, Ann. Pharm. 61, 168 ; of Schubert, Pogg. 147 and 397 ; of Bopping & 
Struve, J.pr. Chem. 41, 255; ofTraube, Pogg. 103, 331; of Berthelot, Compt, rend . 
50, 680; &c. &c. 

a. Vinous fermentation is always produced under the influence of 
the vital energy of yeast-cells ( Bierhefe , Ferment alcoolique , Torrnla 
cerevisics : Blondeau de Carolles), either when beer-yeast is introduced 
into saccharine liquids in which it can grow, or when the liquid is, of 
such a nature that yeast-cells can form hi it spontaneously. 

Vinous fermentation is produced by one particular fungus, lac- 
tous fermentation by another. (Blondeau, Pasteur.) The spores 
of yeast are universally diffused through the air, and produce 
yeast-cells whenever they come into a sugar-solution adapted to 
their development; air deprived of these bodies never excites fer- 
mentation. 

Fermentation is in all cases preceded by the development of vege- 
table germs in the fermentable liquid. These germs ate of various 
species, some of which develop themselves while others remain inac- 
tive, according as the liquid is or is not adapted to their development 
and sustenance. (Blondeau). 

A sugar-solution mixed with yeast ferments immediately ; but the 
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juice of grapes and other fruits requires access of air to bring it into 
the fermenting state. If the air is excluded, expressed grape- juice 
does not ferment, but if oxygen has access to it, fermentation ^ is set 
up. Grape-juice preserved for a year by Appcrt’s method (vii, 100) 
ferments a few days after transference into another vessel. The same 
grape-juice passed up over mercury, without coming in contact with 
the air, does not ferment till oxygen gas is passed up to it. Hence, 
Gay-Lussac regarded oxygen as essential to the commencement of 
fermentation in fruit- juices, but not to its continuance. (Gay-Lussac, 
Ann. Chim. 76, 247). 

Air previously heated to redness cannot induce fermentation in a 
solution of sugar mixed with yeast and boiled, inasmuch as either 
unboiled organic matter or unignited air is necessary to the commence- 
ment of the process. (Schwann, Pogg. 41, 187 ; lire, J.pr. Ohm . 19, 187.) 
Wine-must boiled and enclosed in a bladder does not ferment even if 
suspended in fermenting must. It appears indeed that the access of a 
solid body from the air is essential to vinous fermentation, so that 
oxygen gas evolved from water by electrolysis is incapable of bringing 
boiled grape-juice into the fermenting state. (Helmholtz, J. pr. Chem. 
81, 434.) The ferment of the air may likewise he retained by filtra- 
tion through cotton ; consequently sweet malt- wort in contact with 
filtered air does not ferment even for weeks. (Schroder & Duseh, 
Ann. Pharm. 89, 332.) 

Fresh grape-juice which has never come in contact with atmos- 
pheric air, suffers no alteration for years when kept over mercury at 
a temperature between 26° and 28°. If oxygen gas previously heated 
to redness or filtered through cotton be brought in contact with it, 
the juice after some hours becomes darker, absorbs the oxygen, and 
gives off carbonic acid, but no fermentation takes place even after a 
long time. Common air, inasmuch as it contains bodies capable of 
forming yeast-cells, or the yeast-cells themselves (even such as have 
never been in contact with the air) can set up vinous fermentation, 
the continuation of which is promoted entirely by the growth of the 
yeast-ceUs. (Yan den Brock, Ann, Pharm. 115, 75.) 

The fungi diffused over the surface of fruits, leaves, and fruit- 
stalks, likewise induce fermentation in saccharine liquids. If to a fer- 
mentable fruit- juice mixed with sugar, there be added 2 measures of 
water, the whole violently and continuously shaken, and the liquid, 
which has become specifically lighter, sot aside, the cells of the fungi 
rise to the surface, and then give rise to formation of mould, but no 
fermentation takes place within theliquid. (II. Hoffmann, Ann. Pharm , 
115, 228.) 

If the motes floating in the ah’ are collected in cotton or asbestos 
contained in a tube through which the air is drawn, and introduced 
into sugar-solutions which have been well boiled and cooled again, 
and are mixed with the mineral and albuminoidal constituents of 
yeast, they develop into infusoria and mucedinece , even if only ignited 
air has access to the liquid. Sugar-solutions mixed with the same 
yeast-constituents, hut not containing this dust, undergo no alteration 
between 28° and 30°; neither do those into which cotton or asbestos alone 
m introduced. The same liquid remains unaltered if boiled in a glass 
flask, the neck of which is bent so that no dust can fall into it, the 
flask being afterwards left unclosed. (Pasteur, Compt. rend. 50, 308 * 
see also Y. Am. Chim. Phjs. 64, 5.) 1 1 
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The better a saccharine liquid is adapted for the nutrition of yeast- 
cells, the more easily will they be developed (from the above-mentioned 
bodies in the atmosphere) when air has access to the liquid. Thus 
vinous fermentation is almost always set up when the clear-filtered 
wash- water, or the decoction, of yeast (which contains the soluble mine- 
ral and albuminoidal constituents of that substance) is mixed with 
sugar- solution and left to itself (as observed long ago by Colin) ; it 
is frequently also accompanied by lactous fermentation ; but the latter 
very seldom takes place alone, unless the wash- water of previously 
altered yeast has been used (Pasteur). All natural saccharine juices 
which ferment spontaneously yield a deposit of yeast (Tlienard, Mit- 
scherlich). Also diabetic sugar (Quevenne, /. Phctrm. 24, 36). Yeast is 
formed in liquids containing putrefying animal matters, on addition of 
sugar, the formation of vibrios continuing if the sugar is present in 
small quantity only, but being hindered by a larger quantity (Mit- 
scherlich, JSf. J. Pharm. 4, 218). A similar observation was made by 
Oagniard de Latour. Hence there can be no doubt that, in the follow- 
ing cases also, the occurrence of vinous fermentation depends upon 
the previous formation of yeast. Vinous fermentation is produced in 
sugar-solutions, after access of air, by the glutinous matter suspended 
in currant-juice, but not by the soluble part alone (Thenard), by white 
of egg (Seguin), giiadin (Taddei), legumin, especially if in a state of 
incipient putrefaction (Braconnot), by wheat-glutin, vine- and sorrel- 
leaves, mashed elder-flowers (Fabroni), ox-blood, the fibrin and serum 
of blood (Colin), comminuted brain (Pouchet, Compt . rend. 52, 284), and 
many other bodies. Honey dissolved in 4 pts. of water ferments 
without addition of yeast (Colin). Fermenting liquids exposed to the 
air after boiling, gradually pass into the fermenting state again (Gay- 
Lussac). Sugar-solutions cannot be brought into the fermenting 
state by wood-charcoal, the charcoal obtained by igniting animal 
matters with potash and lixiviating the residue, or platinum-black 
(•Berzelius). 

The vinous fermentation of sugar is likewise induced by the pecu- 
liar ferment of madder (Schunck’s erythrozym) in contact with air, 
especially if this substance is in a state of decomposition. A mixture 
of carbonic acid and hydrogen is evolved ; and the liquid, after 14 days, 
contains alcohol, acetic acid (perhaps, also, formic acid), a small quan- 
tity of succinic acid, and a sweet, brown, uncrystaliisable body (gly- 
cerin ? Kr.), but no lactic acid. The same effect is likewise produced 
by the brown precipitate formed on adding a small quantity of hydro- 
chloric acid to an aqueous infusion of madder after it has been made 
alkaline by lime-water (Scbunk, J. pr. Chem. 63, 222). 

The clear filtrate of almonds bruised with water quickly brings 
grape-sugar into full fermentation, without at first producing yeast- 
cells perceptible by the microscope, these cells making their appear- 
ance only at a later stage of the process. The sacchariferous (?) 
liquid, if left to itself after the fermentation is ended, becomes filled 
with aggregates of cells, but putrefaction does not take place within 
8 to 14 days. The fungi thus formed, if introduced into a fresh solu- 
tion of grape-sugar, continue to grow in it, but produce only a slight 
arid very transient fermentation, .or none at all. When muscle, 
gelatin, or yeast, in a state of stinking putrefaction, is introduced into 
a solution of. sugar, the putrefaction ceases, fermentation is set up, 
and yeast-cells are produced. (0. Schmidt, An% Pharm . 61, 168; 
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Lieb. Kopp. Jahresber. 1847-48, 468.) Hence Schmidt (like Liebig) 
regards the growth of fungi in fermentation as merely a secondary 
phenomenon, not an essential condition of the fermentation. But 
B. Wagner {J.pr. Ghem. 45, 241) observed the simultaneous occur- 
rence of fermentation and formation of yeast-cells under the conditions 
described by Schmidt. 

Yeast consists of very small microscopic, round, or egg-shaped balls 
(Leuwenhoeck, Cagniard de Latour) of y^Vtr nun. diameter (Blondeau). 
These balls are vegetable cells (Cagniard de Latour), with elastic 
walls, filled with a liquid and a soft horny mass, which latter is at 
first attached to the walls, but extends to the middle as the cell 
grows ; young cells are transparent, and almost destitute of granular 
contents. (Mitscherlich, Pasteur.) These cells multiply by gemma- 
tion (Cagniard de Latour, Mitscherlich) ; the newly formed cells do 
not separate from the central cell till they have attained to nearly the 
same size. (Pastern*.) They always remain isolated, and never form 
ramifications or elongated cells, like those of lactous fermenfc. (Blon- 
deau.) 

According to Cagniard de Latour, Turpin, and Mitscherlich, yeast- 
cells also increase by bursting and diffusing their granular contents 
through the liquid, the granules then developing into cells. Schloss- 
berger and Pasteur did not observe this mode of formation, wliich is 
likewise inconsistent with the uniform size of the free yeast-cells. — 
Yeast contains cellulose, fat, nitrogenous and mineral substances. 
See analyses of yeast by Payen (M$m. des Savants Grangers, 9, 32) ; Dumas ( Traite 
de Chimie, Paris, 1843, G, 316); Mitscherlich ( Lehrb . 4 Aufl. 370); Schlossberger 
(Ann. Pharm. 51, 193). 

The yeast deposited in the vinous fermentation of beer, of diabetic 
urine, of grape-juice or other natural fruit- juices, is invariably of the 
same composition. (Quevenne, J. Pharm . 24, 265.) — In commercial 
beer-yeast, the cells of Torvula cerevisice and of Penicillium glaucum may 
be distinguished by the aid of the microscope. Those two fungi may 
be separated one from the other, by washing and filtration, the larger 
cells of the Torvula remaining on the filter (and exciting vinous fer- 
mentation when introduced into sugar- solutions), while the smaller 
cells of the Penicillkm pass through the filter and, consequently, the 
filtrate excites lactic acid fermentation in sugar-solutions. (Blondeau.) 

On the distinction between top- and bottom -yeast, see Mitscherlich ( Pogg , 59, 94) ; 
11. Wagner (J.pr. Chem. 45,241); on beer-yeast in general, Colin (Ann. Chim. Phgs. 
30, 42). 

Fermentation takes place only when the solution is sufficiently 
diluted with water ; with less than 4 pts. water to 1 pt. sugar, it 
takes place but imperfectly or not at all, partly perhaps because the 
resulting alcohol precipitates the nitrogenous substances, destroys 
the fermentative power of the yeast, or renders the liquid unfit for its 
further development. If, on the other hand, the liquid is too dilute, 
the fermentation is slow, irregular, and easily passes into acetous fer- 
mentation. Moreover it is necessary that the yeast be in direct con- 
tact with the sugar-solutions. A solution of sugar contained in a 
bladder suspended within a fermenting liquid, does not ferment, but 
merely takes up a little alcohol by diffusion. (Helmholtz, p. 2G6.) 

_ When a tube, plugged with filtering paper and containing yeast, 
is introduced into a sugar-solution, this solution passes through the 
paper and ferments within the tube, but not outside. (Mitscherlich, 
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W. Am. Ohm. Pkys. 7, 30.) When a solution of sugar contained in a 
test-tube is separated into two parts by a cotton plug, and yeast is 
introduced into the upper part, this part ferments, but not the lower. 
(H. Hoffmann, Ann. Pharm. 115, 228.) 

An increase of yeast takes place in fermentation, when the liquid, 
in addition to sugar, contains a nitrogenous substance. When, on 
the contrary, yeast is left in contact with a pure solution of sugar, it 
diminishes both in weight and in fermenting power, and in the end 
becomes totally inactive. (Payen, Quevenne.) 

In the fermentation of pure sugar-solutions, the yeast first increases 
in weight and then diminishes, because it first assimilates the con- 
stituents of sugar, and gives them up again as the fermentation pro- 
gresses. (Quevenne, J. Pharm. 27, 593.) 

Yeast may grow and increase in sugar-solutions if they are mixed 
with ammoniacal salts, yeast-ash, and a trace of yeast, — fermentation 
then also ensuing. 

If to 10 grs. of sugar-candy there be added 1 gr. of yeast-ash, 
0*1 gr. tartrate of ammonia and a piece of moist yeast of the size of a 
pin’s head, carbonic acid begins to escape after the lapse of 24 to 36 
hours, and in the following days yeast separates out. In the latter, 
the microscope will distinguish the old cells added to the liquid from 
the transparent younger cells. In time however these differences dis- 
appear, and the whole of the yeast assumes the granular aspect of old 
washed yeast. If the constituents of the ash or the ammonia-salts 
are absent no fermentation takes place ; if the yeast cells are absent, 
infusoria and lactous ferment are produced, but no yeast cells, 
apparently because the liquid is not adapted for their develop- 
ment (from the spores contained in the air). If the mixture be boiled, 
and afterwards brought in contact only with heated air, no fer- 
mentation of any kind takes place. 

Sugar-solution mixed with white of hen’s egg, passes, in the course 
of 3 or 4 weeks, into a state of slow fermentation and deposits cells of 
yeast (Colin & Thenard, Turpin). Even when yeast-cells are added, 
this fermentation does not take place till the albumin has passed into 
a state of decomposition. But blood-serum, flesh- juice, and the wash- 
water of yeast may serve for the formation of yeast without further 
aid, so that, after addition of sugar, yeast-cells are actively developed 
in these liquids (Pasteur). 

Yeast grows and multiplies in pure sugar- solutions as well as in 
such as have been mixed with albumino’idal substances. In the former 
case all the yeast-cells are found, at the end of the fermentation, to 
be deprived of their soluble nitrogenous constituents, which have been 
used for the formation of new yeast-cells ; in the second case, there 
are found, together with the exhausted cells, a large number of newlv- 
formed cells filled with soluble mineral and albuminoidal substances 
(Pasteur). — When sugar- solutions are fermented with 15 to 20 per 
cent, of moist yeast, the quantity of yeast found at the end of the 
fermentation is less than that originally contained in the liquid. If, 
on the contrary, the weight of the yeast was 10 p. c. or less of that of 
the sugar, it increases during the fermentation. But if to the weight 
of the recovered yeast, there he added that of the nitrogenous sub- 
stances which have passed into the solution, the sum of the weights 
of the two substances exceeds that of the yeast originally employed 
by 1*2 to 1*5 p. c. of the sugar. If albuminoidal substances are like- 
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•wise added, they are consumed in the formation of yeast ; so that 
here also the weight of the yeast separated at the end of the fer- 
mentation, together with that of the yeast-constituents which have 
passed into the solution, is somewhat greater than the weight of the 
albuminoidal substances used (Pasteur). 

When yeast mixed with sugar-solution and albuminoidal substances 
is exposed to the air in shallow vessels, oxygen is absorbed, and a 
quick and active increase of the yeast-cells takes place, only G to 8 pts. 
of sugar being decomposed for every 1 pt. of the newly-formed yeast. 
The yeast thus formed, if introduced into sugar- water without coming 
in contact with the air, immediately excites very active fermentation. 
(Pasteur, Cornet. rend. 52, 1260). lienee Pasteur concludes that yeast 
can live in two different ways, either without contact of air, in which 
case it decomposes about 100 times its weight of sugar, growing and 
multiplying but slowly, or in contact with the air, in which case its 
reproduction goes on very quickly, but only a small quantity of sugar, 
or, under favourable circumstances, perhaps none at all, is converted 
into alcohol and carbonic acid. — With free access of air, yeast may 
grow in solutions containing albuminoidal substances, but no sugar 
whatever, or only milk-sugar (Pasteur, Bull, Soc. Chim . Paris, 1861, 79). 

Thenard (Am. Chim. 46, 294) fermented 100 pts. of sugar with 20 
pts. of beer-yeast, and obtained 13*7 pts, of insoluble residue, which, 
when brought in contact with a larger quantity of sugar, diminished 
to 10 pts. The latter was white, resembled woody fibre, and was no 
longer capable of exciting fermentation. 

The quantity of yeast must bear a definite proportion to that of 
the sugar ; if the sugar is in excess, part of it remains undecomposed 
or merely undergoes a very slow after-fermentation, often going on 
for years. — If, after all the sugar is decomposed, the fermented liquid 
remains in contact with the yeast, or with nitrogenous matter not 
wholly converted into yeast, putrefaction may ensue. 

Sugar- solutions containing a sufficient quantity of yeast, ferment 
completely in two or three weeks, unless lactic acid fermentation 
takes place. But an extremely protracted fermentation ensues when 
yeast is mixed with excess of sugar. In this case, the yeast lives at 
the expense of the soluble nitrogenous substances, and after these are 
used up, the younger cells continue to grow at the expense of the older 
(Pasteur). 

During fermentation, part of the yeast is resolved into soluble 
products (Thenard). — The yeast recovered from pure sugar-solutions 
after fermentation is less rich in nitrogen than the original yeast, 
partly because its weight has been increased by the addition of non- 
azotised matter from the sugar, partly because a portion of its own 
nitrogenous substance has passed into the solution. On the other 
hand, it contains more woody fibre and fat than before fermentation ; 
these substances have therefore been formed .from the sugar. The 
yeast formed in sugar-solutions mixed with ammonia-salts, yeast-ash, 
and traces of yeast-cells, contains fat (Pasteur). Thenard (Ann. Chim. 46, 
294) supposed that yeast might be obtained free from nitrogen by fermentation with 
uxjcfss of sugar. 

The nitrogen of yeast is not converted into ammonia during fer- 
mentation j on the contrary, any ammonia that maybe added dis- 
appears wholly or partially (Pasteur),, Dbbereiner supposed that the nitrogen 
of yeast was converted into ammonia during fermentation, 
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When sugar is fermented with the water obtained by washing 
beer-yeast (which has dissolved out the soluble constituents of the 
yeast), and with a trace of yeast-globules, scarcely half the original 
quantity of ammonia is found in the yeast at the end of the fermenta- 
tion. In other cases, scarcely any ammonia is found in the liquid after 
fermentation. When tartrate of ammonia was added to the solution 
before fermentation, the fermented liquid contained free tartaric acid, 
and only £ of the ammonia added (Pasteur). 

When sugar-solutions are fermented with a very large excess of 
yeast, the formation of alcohol and carbonic acid goes on, even after 
all the sugar is decomposed, at the expense of the non-azotised 
matter of the yeast, so that the amount of these two products 
obtained is more than equivalent to that of the sugar. 

The production of additional quantities of alcohol and carbonic 
acid at the expense of the substance of the yeast does not take place 
invariably when the small quantities of yeast absolutely required for 
the fermentation are exceeded, not even when 40 pts. of moist yeast 
(corresponding to 8 pts. of the dry substance) are added for every 
100 pts. of sugar, but only when the yeast is in very large excess. 
Sugar yields, with an equal weight of moist yeast, scarcely more car- 
bonic acid than corresponds to its weight ; with 5 to 7 pts. moist 
yeast, from fa to -fa more, but with 23^ pts. dry yeast = (110 pts. 
moist), it yields about three times as much. The weight of the 
additional quantity of alcohol produced is likewise equivalent to that 
of the carbonic acid. — Very active yeast, kept under water, under- 
goes a similar fermentation at the expense of its own substance, 
before it passes, by long keeping, into the putrefactive state (Pasteur). 

Yeast loses a considerable portion of its fermenting power by 
pressure, and still more by washing with water (p. 267).— After 
thorough drying, its power of exciting fermentation is for the most 
part destroyed. This statement is opposed to that of Cagniard de 
Latour.— It likewise becomes inactive- when heated either alone or 
with water. Dried yeast excites fermentation even after cooling by 
solid carbonic acid. (Cagniard de Latour.)— Yeast crushed on the 
grindstone no longer excites fermentation (Liidersdorff, Pogg. 67, 
409), or only after a considerable t^me (Wagner); it then excites 
lactous fermentation. (0. Schmidt.) Yeast altered by too long-con- 
tinued putrefaction, is inactive ; but if the putrefaction has been less 
prolonged, it may be checked and converted into fermentation by 
addition of sugar. (Scklossbcrger, Ann. Phcirm . 51, 211.)— The 
fermentative power of yeast is destroyed by all substances which 
exert a poisonous action on fungi, but not by such as kill animals. 
(Schwann ; Mitscherlich, N . J. Phcirm . 4, 218.) Yeast sprinkled with 
alcohol, loses its fermentative power, which is not transferred to the 
alcohol. 

The action of yeast on sugar is prevented by too great concentra- 
tion of the solution, whether due to alkaline chlorides, gelatin, gly- 
cerin, or sugar. (Berthelot, 27. Ann. Ghim. Pkys. 50, 352.) Strong 
mineral acids, added even in small quantity, prevent the fermentation, 
phosphoric acid alone acting favourably. (Wagner, J. pr. Ohm. 45, 
241.) Sulphuric acid docs not accelerate the fermentation of sugar 
(Rose) ; sulphurous acid stops it. (Henry, Ann. Chin- 76, 290 ; Gay- 
Lussac.) Water saturated with bisulphide of carbon does not pre- 
rent fermentation, at least not completely. (Berthelot.) Algernons 
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acid does not prevent fermentation. (Quevenne, Schlossbevger.) 
According to Rousseau, vegetable acids arc essential to. fermentation ; 
according to Antiion, they are injurious. Small quantities of formic, 
oxalic, or acetic acid, destroy the activity of ferment (Dobcreinor) ; 
acetic acid, and especially lactic acid, act favourably, according to 
Mulder and Wagner, unfavourably according to Dumas and Anthon 
(Dingl. 153, 303; 154, 223); tartar acts favourably with cane-sugar 
according to Rose, injuriously with fruit-juices or grape-sugar, accord- 
ing to Anthon. The juice of unripe gooseberries or currants mixed 
with grape-sugar ferments more completely when neutralised with 
carbonate of lime than in the sour state. (Anthon, Dingl. 153, 385). 
The fermentation of sugar-solutions mixed with yeast goes on most 
quickly when the liquid is kept neutral by addition of carbonate of 
lime, the action not being necessarily accompanied by formation of 
lactic acid. But such a liquid also promotes the development of 
lactous ferment, so that a portion of the sug-ar is apt to be converted 
into lactic acid. (Pasteur, N. Ann. Clam. Phys. 52, 415.)— Fermenta- 
tion is not prevented by the oxides of zinc, lead, and copper, the car- 
bonates of baryta, magnesia, manganese, and nickel, or even by 
metallic iron or ferrous carbonate ; but soluble iron-salts partly prevent 
fermentation, and ferric sulphate added to the amount of 30 p. c. of 
the sugar, stops it entirely. A similar counteracting effect is produced 
by peroxide of manganese, carbonate of copper, carbonate of lead, and 
soluble lead- salts. (Berthelot.) Mercuric oxide destroys the fermen- 
tative power of yeast. (Colin.) Fermentation is retarded by potash 
or lime (Cruikshank), by soaps (Wagner), interrupted by a small 
quantity of common salt. (Dobereiner.) Fermentation is not prevented, 
or at least not completely, by bicarbonate of potash or carbonate of 
soda, to the amount of 10 p. c. of jthe sugar (50 p. c. stops it com- 
pletely), sulphate of soda or sulphite of lime ; it is not prevented by 
hyposulphite, borate or phosphate of soda, or by tartar emetic (Mits- 
cherlich), extract of nux vomica (Schwann, Ure), quinine or strychnine 
(Wagner). Wine-must added to mustard-powder or oil of mustard does 
not ferment in 8 months. (Fontenelle, J. Pharm. 9, 437.) Oil of tur- 
pentine does not prevent the action of yeast upon sugar. (Berthelot.) 
Yeast-cells sown in onion-juice expressed and mixed with sugar, 
never develop themselves, unless the volatile oil is driven out by 
boiling. (Pasteur, N. Ann . CMm. Phys. 52, 416.) On the influence of 
various bodies on vinous fermentation, see also Leuchs Chem. Cenir . 1861, 385). 

,/3. Cane-sugar does not undergo vinous fermentation, till, under 
the influence of a peculiar substance in the yeast, or of a substance 
contained especially in the kernel of fruits, it has been resolved, with 
assumption of water, into kevo- and dextro-glucose. (Dubrunfaut, 
Berthelot, Buignet). In this re-action, the specific gravity of the cane- 
sugar solution increases (Graham, Hoffmann & Redwood, Chem. $oc. 
Qn. J. 231 ; Lieb. Popp. Jcihresber. 1852, 801). 

Cane-sugar does not split up into alcohol and carbonic acid, till it 
has taken up an atom of water (Dumas & Boullay, Ann . CMm. Phys. 
37, 46). It is converted, previous to fermentation, into uncrystallisable 
(Dubrunfaut, 1838), lm vo-rotatory sugar (Persoz, Compt. rend . 17, 755 ; 
W. Ann. CMm. Phys. 18, 102), into grape-sugar (Rose, Pogg. 52, 293). 
The spontaneous fermentation which sacchariferous vegetable juices 
undergo on standing, -produces inversion of the cane-sugar contained 
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in them. (Biot, Compt. rend. 15, 528 ; Ilochstetter, J. pr. Chem. 29, 29.) 
The conversion of cane-sugar into unciystallisable sugar is like- 
wise produced Iby boiling with nitrogenous substances (Ilochstetter). 

Cane-sugar solution in contact with washed yeast does not ferment 
for a month at 20° or even at 38°, whereas grape-sugar ferments 
completely under similar circumstances. It is not till a six- or eight- 
fold quantity of yeast has been added, that slow fermentation takes 
place, the larger quantity of yeast first converting the cane-sugar 
into grape-sugar. If the fermenting cane-sugar solution is mixed 
with a quantity of alcohol sufficient to stop the fermentation, and the 
filtrate evaporated to a syrup, a non-crystallisable mass is obtained 
resembling honey, and behaving with potash like grape-sugar (Rose). 
Grape-sugar certainly ferments somewhat better and more quickly 
than cane-sugar, but without exhibiting- the great differences men- 
tioned by Rose. The same quantity of yeast suffices for both kinds 
of sugar. (Pasteur, A 7 . Ann. Chim. Phys . 58, 357.) The sugar pro- 
duced from cane-sugar by the action of a ferment, cannot be obtained 
in the crystalline state, and is different from grape-sugar, polarising less 
strongly than granular sugar ( Erumdzncher ). This transformation of 
cane-sugar is produced by a substance which is present in the yeast - 
spherules and may be extracted by water. Consequently cane-sugar 
ferments with washed yeast less quickly than with fresh yeast. 
Ordinary unwashed yeast brings cane-sugar into fermentation as 
quickly " as grape-sugar (Mitscherlich, Bed. Abaci. JBer. 1841, 300 ; Pogg. 
55, 222"; Bevz. Jahresker. 22, 482). According to a former view, which 
Pasteur (N. Ann. Chim. Phys. 58, 357 ; Compt. rend. 50, 1083) still 
endeavours to maintain, the inversion of the cane-sugar is produced by 
the free acid of the fermenting liquid. This view is contradicted by 
the experiments of Mitscherlich, as well as by those mentioned on 
page 254, on the behaviour of cane-sugar with dilute acids at mean 
temperatures, and by the following. Succinic acid mixed with a cane- 
sugar solution to the amount of 0*38 p. c. does not produce inversion ; 
but when yeast, which has been pressed, is suspended in 2 pts. of 
water, the liquid filtered, after some hours produces transformation of 
cane-sugar, even in an alkaline solution, but no fermentation or acidifi- 
cation. When the same liquid is mixed with its own volume . of 
alcohol, white nitrogenous flocks are precipitated, which after being 
washed with alcohol and dried, become yellow and horny, and are 
capable of transforming from 50 to 100 pts. of cane-sugar. This 
substance may be continually reproduced from washed yeast by again 
leaving it in contact with water. (Berth elot, Compt. rend. 50, 980 ; Rep. 
Chim . pure : 2, 272.) When added to fruit- juices, it likewise transforms 
the cane-sugar into inverse sugar (Buignet, N. Ann. Chim. Phys . 61, 
301). The nitrogenous matter of beet-juice also converts cane-sugar 
into uncrystallisable sugar ; consequently solutions of raw sugar are 
more easily decomposed by boiling than solutions of refined sugar. At 
the same time, part of the nitrogenous matter becomes soluble and no 
longer precipitable by heat, lime, or tannic acid. (Hochstetter, J.pr. 
Chem. 20, 29.) 

The cane-sugar in the expressed juice of the peach quickly under- 
goes this transformation on standing (even if the free acid has been 
neutralised); but if the jiiice is mixed with an equal quantity of 
alcohol and filtered from the resulting precipitate, the transformation 
is scarcely perceptible even after two months. The acid juice of 
vol. xv. T 
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apricots may be kept for a while without much alteration ; but if it be 
mixed with a small quantity of a solution obtained by extracting 
crushed gooseberries with water and filtering, a considerable portion 
of the cane-sugar in the apricot-juice undergoes transformation in 
12 hours at ordinary temperatures. (Buignet.) 

At the beginning of the fermentation, and even an hour afterwards, 
a solution of cane-sugar still exhibits dextro-rotatory power which, 
however, becomes Isevo-rotatory after boiling with acids. Hence the 
transformation of the cane-sugar into inverse sugar takes place 
during the fermentation, not before, and is not quite complete 
even towards the end of the operation (Sonbciran, iY. J. Pharm. 
4, 347). 

7 . When a solution of cane-sugar which has been transformed by 
acids, is fermented, the rotatory power of the fermenting liquid does 
not dimmish till 4 or of the sugar is converted into alcohol, but 
from this point a regular diminution of the lsevo-rotatory power takes 
place, proportionate to the quantity of sugar decomposed. The cause 
of this alteration is, that during the first half of the fermentation 
2 at. dextro- glucose disappear for every 1 at. Levo-rotatory fruit- 
sugar, whereas during the second half of the fermentation, 2 at. 
kevo-glucose are decomposed for every 1 at. dextro-rotatory grape- 
sugar. (Dubrunfaut, A r . Ami. Chhn. Phys . 21, 169 ; Compt rend. 
42, 904.) This behaviour of inverse sugar is designated by Dubrun- 
faut as Fermentation alcoolique elective , 

So, according to Dubrunfaut. According to Soubeiran (Y. J. Pharm. 
4, 347) the solution of inverse sugar continues to exhibit lsevo-rotatoiy 
power during the whole of the fermentation, this power, however, 
becoming weaker as the sugar is decomposed. More recently (2Y J. 
Pharm . 16, 259), Soubeiran describes the following experiment : 
Cane-sugar completely inverted by oxalic acid and freed from that acid 
by addition of marble, exhibited when dissolved in water, 18° of lsevo- 
rotation for 35T p. c. of inverse sugar in the solution. In the course 
of the fermentation, the lsevo-rotation rose to 25°, at which point the 
solution contained 21*8 p. c. inverse sugar, then sank to 10 °, when the 
sugar was reduced to 11*5 p. c. On Dubrunfaut’s view, this and the 
following statements are unintelligible. (Kr.) The colourless inactive 
sugar obtained by heating cane-sugar with a little water to 160°, does 
not deflect the plane of polarisation at anytime during its fermentation, 
but during the fermentation of fruit-sugar (inverse sugar is probably intended, 
inasmuch as Mifcscherlicli was not acquainted with pure Isevo-rotatory fruit-sugar) 
the rotatory power of the liquid decreases in proportion as the sugar 
is decomposed, though it does not actually change from left to right. 
(Mitscherlich, Perl Abaci Per. 1843; Pogg .. 59, 94; N. J . Pharm. 
4, 216). When dextro-glucose is mixed with inverse sugar, these 
two kinds of sugar disappear diming* fermentation, simultaneously and 
inyqual proportion, so that the cessation of the fermentation does not 
coincide with the disappearance of the inverse sugar. (Dubrunfaut). 
In fermenting honey, the leevo -rotatory power increases at first, in 
consequence of the inversion of the cane-sugar present ; afterwards 
the fermentation proceeds like that of inverse sugar. But towards the 
end of the process, dextro-rotation*appears again, so that the sugar, 
which disappears at last, appears to be a peculiar land of dextro-rota- 
tory sugar. (Dubrunfaut.) 
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6. In vinous fermentation, the greater part of the sngar is resolved 
into alcohol and carbonic acid : 

C^HPO 12 = 2C 4 H C 0 2 + 4 CO 3 , 

a smaller portion, not exceeding 4 or 5 per cent., being converted into 
glycerin, succinic acid, and carbonic acid. The yeast itself takes up a 
portion of the elements of the sngar, varying from 1 to 14 per cent, 
of the whole, according to its quantity, in the form of cellulose and fat 
(Pastern, A T . Ann. Chim . Phys. 58, 330 ; Preliminary Notice, Compt . rend. 
46, 179, and 857). — On the formation of cellulose from sugar during fermentation, 
see Terreil (Bull. Soc. Chim. Paris , 1861,, 109), and Pasteur’s remarks (Ibid. 111.) 
For the formation of succinic acid and glycerin, Pasteur gives the 
equation : 

49C 12 H 12 0 13 + 60HO = 12C s H 6 O s + 72CCH S 0 6 + 60CO 2 . 

Lavoisier found the sum of the weights of the carbonic acid and 
alcohol nearly equal to the weight of the sugar employed. Gay- 
Lussac (.4?*??. Chim. 95, 318) calculated therefrom that 100 pts. cane- 
sugar should yield 51*34 pts. alcohol and 48*66 carbonic acid. Dumas 
& Boullay (Amu Chim. Phys. 37, 45) showed that cane-sugar must 
take up an atom of water, before it can resolve itself into alcohol and 
carbonic acid. The acid present hr vinous fermentation was regarded by 
Lavoisier and Tlienard as acetic acid, by others as lactic acid. But 
the formation of lactic acid takes place only when its peculiar ferment 
is present, not during the fermentation excited by beer-yeast 
(Pasteur). The occurrence of succinic acid was formerly observed in 
the fermentation of honey, bread, and Siliqua dulcis , by Beissenhirtz 
(Berl. Jahrb . 1818, 158), of pea-flour with casein, by Dessaignes ; in 
fermenting sugar- solution by Schmidt (Lieb. Kopp. Jahresber. 1847-8, 
466); in the fermentation of sugar with madder-ferment by 
Scliunck (J. pr. Chem. 63, 222). But Pastern* first showed that 
succinic acid is an essential and constant product of vinous fermenta- 
tion, after Guerin- Varry (Ann. Chim . Phys. 60, 58) had pointed out 
that, in the fermentation of cane-sugar, 3*6 per cent, of the sugar is 
lost for the formation of alcohol and carbonic acid, because other pro- 
ducts are likewise formed. 

100 pts. of cane-sugar brought in contact with a quantity of 
yeast, which would have weighed 1*2 pts. in the dry state, yielded 
0*673 pts. succinic acid, and 3*64 pts. glycerin. Part of the yeast was 
converted into soluble (acid) substances ; but the weight of the yeast 
recovered from the fermented liquid was greater than that of the 
yeast originally employed, because it had assimilated the elements of 
the sugar. The soluble matter is a product of the decomposition of 
the yeast, and is formed in greater abundance in proportion as a 
larger quantity of yeast has been employed. The substance taken up 
by the yeast amounts to between 1 and 1 J per cent, of the sugar, if 
the fermentation is set up by adding to the sugar-solution albu- 
minous substances and only so much yeast as is required for regular 
fermentation ; it is contained in the yeast chiefly as fat and cellulose, 
and is produced in larger quantity when the sugar is in excess 
(Pasteur). 

Glycerin and succinic acid are produced by the yeast itself, not by 
any peculiar ferment (such as the Iactous acid ferment). Both these bodies, 
as well as the carbonic acid, are products of the decomposition of the 

t 2 
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sugar, not of the yeast [it should perhaps be : their formation is a result of the 
vitality of the yeast, not of the decomposition of dying yeast (Kr.)]. They are 
always produced, whatever may be the temperature of the fermenting 
liquid, the atmospheric pressure, or the weight and variety of the sugar 
employed, — -by old as well as by newly formed yeast, in acid as wett as 
in neutral liquids, but more abundantly in the latter ; in larger quantity 
also when the fermentation is comparatively slow. Their absolute 
quantity is variable ; but their weights are for the most part in 
definite relation to one another (Pasteur). 

When yeast is heated with solution of sugar to 100°, just after the 
fermentation has commenced, an abundant and continuous evolution 
of carbonic acid takes place, according to Quevenne (J. Pharm . 27, 603), 
and at the same time there is formed from the sugar, not alcohol, hut 
a peculiar, uncrystallisable and non-fermentable substance. According' 
to Berthelot, the carbonic acid evolved on heating is merely that which 
has been previously formed by tlie vinous fermentation, and the 
amount of sugar decomposed does not exceed that which corresponds 
to the carbonic acid. (A 7 . Ann. Chim. Phjs. 52, 362.) 

Besides common alcohol, there are produced, during fermentation, 
small quantities of other alcohols especially butylic alcohol (C 8 II 10 0 3 ), 
amylic alcohol (C 10 H l2 0 2 ), and others, but no methylic alcohol. On the 
formation of these bodies, see Maumene {Comjrt. rend. 45, 1021) j Wurtz (iV. Ann. 
Chim. Phys. 42, 129.) 

The carbonic acid which escapes in fermentation is not mixed with 
any other gas. (Thenard). — Pasteur found nitrogen, not proceeding 

from the yeast. So likewise Berthelot (N. Ann. Chim. Phys. 52, 362). It is quite 
free from hydrosulphuric acid. (Schlossberger, Ann. Pharm. 51, 203.) 

The bubbles of carbonic acid are never evolved from the yeast-cells, but always from 
particles of foreign bodies present in the liquid. (Pasteur.) 

The gum, extractive matter and malic acid (Proust), the dextrin 
(Ventzke, J. pr. Chem. 25, 81) contained in fermenting liquids, arc not 
altered by the fermentation. 

Lactous Fermentation. See x, 76, and xi, 473. In the preparation of 
of lactic acid (xi, 475), the precipitate formed on the bottom and sides 
of the vessel from the chalk and the decomposition-products of the 
cheese is found, at the end of the fermentation, to be covered with a 
small quantity of a grey substance, the lactous ferment. When this 
substance is introduced into a cooled and clear-filtered decoction of 
beer-yeast, together with from 15 to 20 pts. of water, chalk, and a 
quantity of sugar equal to from ^ to T V of the liquid, and this liquid 
is kept at a temperature of 30° to 35° for some days, a brisk evolution 
of carbonic acid and hydrogen takes place, the liquid becomes 
turbid and deposits a precipitate, and the chalk dissolves in the form 
of lactate of lime. The new (and already pure) lactous ferment 
separated at this stage of the process, if introduced, together with 
chalk, into sugar-water, produces within an hour, an incipient evolu- 
tion of gas and conversion of the sugar into lactate of lime. (Pasteur, 
FT. Ann. Chim. Phys. 52, 404.) 

As yeast is necessary to vinous fermentation, so likewise does 
lactous fermentation require the presence of a peculiar substance, the 
lactous ferment (Blondeau, Pasteur). This ferment, according to Blon- 
dean, is the Penidllium glaucim. When lactous fermentation is set up 
iu suitable . sugar-solutions merely left to themselves, it is because 
certain bodies present in the air develop, in the liquid, into cells of 
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lactous ferment, which then set np the fermentation. If, therefore, 
the air is excluded, or if only heated air has access to the liquid, no 
lactous fermentation will take place unless lactous ferment is added 
(Pasteur). 

Lactous ferment, viewed in the mass, resembles beer-yeast ; it is 
gray, slightly glutinous, and appears, under the microscope, to con- 
sist of very small spherules of -g--^ mm. diameter, some isolated, others 
united in groups, and possessing molecular motion (Pasteur). The 
cells of Penicillium glaucum have, at most, a diameter of they 

increase at first, like the cells of yeast, by formation of new round 
cells, but afterwards by formation of elongated and many-branched 
cells, which ultimately cover the surface like a white mould (Blondeau). 

A small quantity of lactous ferment is capable of decomposing a 
large quantity of sugar, provided the liquid is kept neutral by chalk, 
otherwise its action on the sugar is retarded by the free acid. It 
increases if nitrogenous matter, which may serve to nourish it, is like- 
wise present. By desiccation or by boiling with water, its action is 
weakened, but not altogether prevented. It acts best on sugar when 
air is excluded, inasmuch as the action is then not interfered with, 
either by the formation of mould or by infusoria. If no other ferment 
is present, the lactous fermentation goes on regularly, and often more 
quickly than vinous fermentation (Pasteur). 

In solutions of cane-sugar containing phosphoric acid and ammo* 
niacal salts, Penicillium glaucum can grow and convert all the sugar 
into lactic acid (Pasteur, Compt . rend. 51, 298). 

Previous to lactous fermentation, the liquid always becomes vis- 
cous, in consequence of the development of Penicillium glaucum , whose 
ramifications fill the liquid to such an extent that it does not ran out 
when the vessel is inverted. If this plant can develop itself in sugar- 
solutions, lactous fermentation ensues whether the liquid is acid or 
alkaline. If the liquid also contains albuminous substances, these 
yield ammonia and carbonic acid for the development of the Penicillium , 
and are partially converted into butyric acid, while part of the sugar 
is transformed into mannite (Blondeau, N. J. PJiarm . 12, 257). 

The spontaneously developed fermentation of saccharine juices con- 
taining nitrogen, is sometimes lactous, sometimes vinous, mostfrequently 
both together.— If yeast (as is generally the case) contains the cells of 
Penicillium glaucum , as well as those of Torvula cerevisice , vinous fermen- 
tation takes place first, then lactous fermentation, at the expense of still 
unaltered sugar. (Blondeau.) When sugar-solutions are brought into 
the state of lactous fermentation by cheese (or other nitrogenous sub- 
stances) the lactic acid, formed after a while, prevents the further action 
of the ferment, but after repeated addition of bicarbonate of soda 
(Boutron & Fremy), or chalk (Pelouze & Gelis), the whole of the sugar is 
converted into lactic acid. — Slightly alkaline liquids are best adapted 
for the development of lactous ferment, neutral liquids for the develop- 
ment of yeast. (Pasteur.) The kind of fermentation, vinous or lactous, 
excited in sugar- solutions by a nitrogenous substance depends upon 
the stage of decomposition at which that substance has arrived. 
(Boutron & Fremy.) 

Sugar-solutions undergo lactous fermentation in contact with 
various membranes, especially calf’s rennet (Fremy, Compt. rend . 8, 
96, and 9, 165 ; see also Gay-Lussac, Compt . rend. 9, 46), with diastase 
altered by exposure to the air— with the previously altered nitrogenous 
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substance of boot- juice — with decomposing animal bladder — ^with 
whey. (Boutron & Fremy, 2V. Ann. Chim. PJu/s. 2, 256 ; Blonde an.) — 
When urine, mixed with sugar, is left to itself, Penidllium glancum 
becomes developed, and lactic acid is produced. (Blondcau.) 

The soluble parts of glutin and casein, as well as the nitrogenous 
liquid which remains after vinous fermentation, are peculiarly well adapted 
for the development of lactous ferment ; consequently, when these 
liquids are mixed with sugar and exposed to the air, ferment is formed 
in them, even if yeast is added, the two ferments then exerting their 
specific actions side by side (Pasteur) ; see also Mucous Fermentation , p. 280. 

The solution of sugar in whey becomes so viscid in a few days, as 
not to run out when the vessel is inverted. Each drop of the liquid 
then exhibits under the microscope a large number of individual cells, 
and of intergrown shoots, which when developed rise to the surface 
and there fructify, so that the liquid becomes covered with a layer of 
mould. The mass which has then again become fluid, contains acetic, 
lactic, or butyric acid, according to the species of plant which has 
been developed in it. — If carbonate of ammonia has been added to 
the saccharine whey, no penicillium ceils are formed in it, or only very 
few. 

- A mixture of 4 pts. sugar, 2 pts. chalk, 8 pts. cheese, and 20 pts. 
•water exposed to a temperature between 20° and 25°, gives off, within 
the first 8 days, carbonic acid mixed with a very small quantity of 
hydrogen. In open vessels, the surface becomes covered with a layer 
of mould containing a large number of cells of Penicillium glaucum ; the 
liquid becomes acid, viscous, and ropy, and the casein, in combination 
with the chalk, falls to the bottom. In the tether progress of the 
fermentation, hydrogen is evolved as well as carbonic acid, the casein 
is converted into butyric acid, the sugar either into lactic and acetic 
acids, or into mannite. (Blondeau, N. J. Pharm. 12, 340.) 

Also when the decoction of yeast, nnmixed with cells of lactous 
ferment, is set aside with sugar and chalk, lactous fermentation sets 
in after contact with the air for a short time, generally, however, 
accompanied by another kind of fermentation (Pasteur). See Mucous 
Fermentation. 

In liquids containing sugar, yeast-ash, and tartrate of ammonia 
(p ; 263), infusoria and cells of lactous ferment are produced in contact 
with the air, even when small quantities of yeast arc added* After a 
few days, the infusoria disappear, while the lactous ferment increases, 
and often remains as the only active ferment. When carbonate of 
lime is added to sugar-water containing small quantities of ammonia- 
salts and phosphates, and the liquid is exposed to the air, it begins, 
after 24 hours, to show turbidity and give off gas ; the fermentation 
which ensues in the following days causes the ammonia to disappear, 
the carbonate of lime and the phosphates to dissolve, and produces 
lactate of lime and lactous ferment, which latter is usually mixed with 
infusoria (Pasteur, Compt. rend. 48, 337). 

The fermentation observed by J. Gay-Lussac & Pelouze (Ann. 
Chun. Phys. 52, 411) in kept beet- juice, and by Fourcroy & Yanqnelin 
in kept onion- juice, appears to have been partly lactous, partly mucous 
fermentation. 

Sugar may be converted, by lactous fermentation, into lactic acid, 
Without yielding other products of decomposition (Boutron). 

Sugar in the state of lactous fermentation may bo converted into 
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lactic acid, without yielding other products (Boutron & Fremy). The 
alcohol, gum, and mannite, which are sometimes produced in lactous 
fermentation, occur only when yeast or mucous ferment is mixed with 
the lactous ferment. (Pastern.) The butyric acid is a product of the 
further decomposition of the lactic acid (x, 7 6). — Occasionally, sugar 
yields, under the influence of animal membranes, an acid different 
from lactic acid and forming a lime-salt soluble in alcohol. (Boutron 
<& Fremy. See also Berthelot, N. Ann. Chim. pjiys. 50 , 359 .) — Fremy assumed 
that the sugar was transformed, first into mannite, then into lactic acid. 

t When inverse sugar, formed from cane-sugar by the action of 
acids, is submitted to lactous fermentation, the he vo-rotatory power 
of the liquid is increased by ± and then remains constant without 
further fermentation occurring. This increase of rotatory power, 
compared with the quantity of lactic acid that is formed, proves 
that only the dextro-glucose has been converted into lactic acid, 
while the lsevo-glucose has remained unaltered (Dubrunfaut, jY. Ann. 
Chim . Phys. 21, 175). Dubrunfaut himself does not consider his 
experiment conclusive ; according to other statements, including 
those of Pasteur ( Compt . rend. 51, 298), the whole of the sugar dis- 
appears in the lactous fermentation. 

The lactous fermentation of sugar may be replaced, under 
apparently similar circumstances, by a conversion of the sugar into 
acetic acid. 500 grins, sugar dissolved in a litre of water, and set 
aside for a month, in contact with 800 gnus, cheese, without access of 
air, and at a temperature of 20°, did not give off any gas, but formed 
a thick crust of mould and a large quantity of acetic acid. This 
transformation takes place under the influence of Torvula ctceti. 
(Blondeau, N. J. Pharm. 12, 836.) 

The molasses left in the manufacture of beet-sugar, if rich in nitrates, 
sometimes gives off nitrous acid during vinous fermentation, accord- 
ing to Pasteur {Bull. Soc. Chim. Paris , 11 Mar. 1859 ; Kopp’s Jahresher . 
1859, 553), only when it undergoes vinous and lactous fermentation at 
the same time. The nitrates arc here reduced by the hydrogen 
evolved in the formation of lactic (more correctly, of butyric) acid. 

Aqueous sugar-solutions set aside for weeks or months at 40° or 
a lower temperature in contact with chalk and cheese (glue or other 
nitrogenous substances) undergo a fermentation different from the 
vinous, and not depending on the presence of yeast. In this fermenta- 
tion, both the nitrogenous substance and the sugar are destroyed, car- 
bonic acid, nitrogen and hydrogen escape, and alcohol, lactate of lime 
and butyrate of lime arc produced (Berthelot, iY Ann. Chim . Phys. 
50, 351). 

Berthelot likewise designates this reaction as Fermentation alcooliyue , 
whereas Pasteur (jY. Ann. Chim. Phys . 58, 324) regards it as lactous 
fermentation. — 10 gnus, cane-sugar, 120 grms. water, 10 gnus, 
chalk, and 2 grms. cheese, yielded at 40° in six weeks, 1*2 grm alcohol, 
together with lactate of lime, ferment, and 3 grms. of unaltered sugar. 
— 170 grms. cane-sugar, 2 litres of water, 200 grms* chalk and 200 
grms. cheese, at a temperature near 0°, yielded in five weeks, 10 
grms. alcohol, together with lactate of lime and a small quantity of 
butyrate. In this reaction, neither mannite nor fat was formed. 
Yeast was not produced, if the process was conducted out of contact 
with ah, or in an atmosphere of carbonic acid ; nevertheless alcohol 
was obtained even under these circumstances. Compare the correspond- 
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ing experiments of Berthclofc, under Glucose, Mannite , Duleife, Sorbite jxn d Milk- 
sugar. 

0. Mucous Fermentation . — This is another kind of fercnentation 
which cane-sugar undergoes, likewise under the influence of nitrogenous 
substances and in contact with air, but under circumstances otherwise 
not exactly known, — giving rise to the escape of carbonic acid and 
hydrogen, and the formation of mannite, a peculiar gum and a 
mucilaginous substance. 

The mucous fermentation of sugar takes place (like vinous and 
lactons fermentation) under the influence of a peculiar mucous ferment. 
This ferment is composed of spherules from 0*0012 to 0*0014 mm. 
diameter, and when introduced into sugar-solutions containing albumin 
causes the sugar to be resolved into mannite, gum, and carbonic acid, 
100 pts. cane-sugar yield, on the average, 51*09 pts. mannite and 45*5 
pts. gum, corresponding to the equation : 

25C 12 H 11 0 11 + 13HO = 12C 12 H 10 O 10 + 12C 13 I-I H 0 13 + 12CG 2 . 

When a larger proportion of gum is obtained, the liquid is observed 
to contain larger spherules, probably belonging to a peculiar mucous 
ferment (Pasteur, Bull. Soc. Chim. Paris. 1861, 30). 

Mucous fermentation requires access of air and likewise the 
presence of nitrogenous matter; hut the latter is capable of exciting 
mucous fermentation even after boiling. In this reaction, neither 
acid nor alcohol is produced. (Hochstetter.) Mucous fermentation is 
prevented by sulphuric acid, hydrochloric acid, or alum (Desfosses), by 
free mineral acids (Hochstetter, J. pr. Chem. 29, 30). 

Syrup of cane-sugar which had been poured at the boiling heat 
into bottles in Martinique, the bottles being filled with it, underwent 
mucous fermentation on being transported to Prance and poured out 
into open vessels. (Peligot.) - — Fresh beet- juice becomes gummy by 
contact with air, and then contains mannite, gum, lactic acid, and un» 
crystallisable sugar. These changes take place with greater facility 
when fermenting beet-juice is added to the fresh juice, even when the 
greater part of the nitrogenous matter has been removed by lime, and 
whether the quantity of free alkali present is great or small. Alcoholic 
fermentation sometimes sets in, if the acid is neutralised (Hochstetter). 
— When carrot- juice is left to itself between 30° audio 0 , the cane- 
sugar which it contains is converted into glucose, mannite, lactic acid, 
and a gum isomeric with gum-arabic (Tilloy & Maclagan). 

The expressed juice of xnangold-wurzel begins to ferment in 31 days, 
and. the fermentation is complete in days. Prom the solution, 
clarified and evaporated to a syrup, alcohol of 80 p. c. precipitates a 
glutinous mucus, and the filtrate yields crystals of mannite. If the 
mucus be washed with alcohol, its aqueous solution precipitated with 
basic acetate of lead, the washed precipitate decomposed under water 
by hydrosulphuric acid, and the filtrate evaporated to dryness, a 
transparent, slightly coloured gum is obtained, containing 40*89 p. c. 
carbon, 6*10 hydrogen and 53*01 oxygen (Kircher, Ann. Pharm. 31, 
337). 

The juice of the sugar-cane contains a white non-azotised (?) sub- 
stance, which becomes brown and moist in contact with the air, is soft 
and difficult to dry, soluble in water, insoluble in alcohol and ether, and 
is precipitated from its aqueous solution by oxide of lead, mercurous 
salts, and alcohol. It converts sugar into a substance intermediate 
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between starch and glutin, this substance being formed quickly and 
somewhat abundantly in syrups, and rendering them viscid, ductile, 
and uncrystallisablc. If, therefore, the juice, after being' treated with 
lime, is left to stand for 48 hours, a jelly is produced, from which alcohol 
throws down a soft, white, nacreous precipitate, which dries up to a 
nacreous mass, dissolves but sparingly in hot or cold water, even when 
moist, but swells up in it to a transparent mass, and when treated with 
nitric acid, yields nothing but oxalic acid. This mass is not coloured 
by iodine, or converted into sngar by dilute acids, and does not give 
off ammonia on dry distillation. It is fonnd abundantly at the bottom 
of the vats in which molasses is left to ferment for the preparation of 
rum. (Plague, J. Pliarm. 26, 248.) 

Lemonade containing sugar, volatile oil, citric acid, and condensed 
carbonic acid, loses its fluidity and becomes gummy by long keeping, 
especially in winter. If the gummy liquid be precipitated by alcohol, and 
the precipitate, which is friable when dry, be washed with alcohol, there 
remains, after drying at 100°, a viscid, semi-transparent, horny mass, 
while the alcohol takes up a brown, uncrystallisable sugar. This mass 
recovers its former appearance, when cold water is poured upon it, and 
forms with boiling water, a gum which is difficult to filter, is not coloured 
by iodine, docs not reduce potassio-cupric tartrate or precipitate basic 
acetate of lead, and yields oxalic acid with nitric acid. This gum con- 
tains 1*37 p. c. ash, and after deduction of this ash, it contains, on the 
average, 43*56 p. c. 0., 6*47 IT., and 49*97 0., the lead-compound con- 
tains 55*80 p. c. PbO., 19*310., 2*70 II., and 22*100. (Tilloy& Maclagan.) 

When yeast is well washed with cold water, then boiled with water, 
and -gV pt. sugar dissolved in the filtrate, the liquid, after a few days, 
becomes tin-bid and tenacious, like decoction of linseed. At the same 
time, a mixture of carbonic acid and carbonic oxide in varying propor- 
tions is evolved. This fermentation lasts about 12 days, for a shorter 
time between 20° and 25° ; it takes place also out of contact with air, 
and is excited even by yeast which has been boiled out with water. 
(Desfosscs, J. Pliarm, 15, 602 ; N, Trs. 21, 1, 159 ; Schw. 58, 98.) Under 
similar circumstances, lactous fermentation may likewise take place 
(comp. p. 277, 278). — On Mucous Fermentation, see also Vauquelin {Ann. Chim. 
Phys. 20, 93). 

Water boiled with glutin produces in cane-sugar solution the same 
change as decoction of yeast. In contact with sugar- solution for 
24 hours at 25°, it gives off a smaller quantity of gas than the“decoction 
of yeast, and renders the liquid gummy. The gaseous mixture con- 
tains hydrogen in larger proportion to the carbonic acid than that which 
is evolved by decoction of yeast. After the completion of the mucous 
fermentation, the liquid is still very sweet, but so thick that it runs 
out in threads when the vessel is inverted; when evaporated, it leaves 
a non-crystallisable residue, and on treating this with alcohol, a 
sacchariferous gum remains imdissolved. If the remainder of the 
sugar be extracted from the gum by fermentation with yeast, there 
are obtained, for every 100 pts. of sugar decomposed by the mucous 
fermentation, 109*48 pts. of a pale yellow insipid gum, which yields 
scarcely any mucic acid when treated with nitric acid, is less soluble 
in water than gum-arabic, and yields a thicker mucilage than the 
latter. (Desfosses.) 

In the preparation of lactic acid by Bensch ? s process (xi. 475), there 
is obtained, together with mannite, a considerable quantity of a gum. 
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which, when the fermentation is complete, and the lactate of lime has 
been removed, may he obtained in a state of purity from the mother- 
liquor. This liquid is precipitated with sulphuric acid ; the gypsum is 
removed ; the filtrate is mixed with alcohol ; and the precipitate is 
purified by repeated solution in water containing hydrochloric acid, 
and precipitation with alcohol. — It contains 48*61 p. c. carbon, 6*25 
hydrogen, and 50*14 oxygen, turns the plane of polarisation to the 
right, reacts like arable acid (p. 204) with cupric sulphate in alkaline 
solution, but does not yield mucic acid with nitric acid. (Br fining* 
Ann. Pharm . 104. 197.) 

Combinations. — With Water. — Cane sugar dissolves in | of its weight 
of water at mean temperatures, and in all proportions in boiling water. 
From a solution containing 5 pts. sugar to 1 pt. water, J- of the sugar 
crystallises on cooling*. (Henry, J. Pharm . 27, 8.) When 20 grins, of 
cane-sugar are dissolved in 100 cub. centims. of water, the temperature 
falls half a degree. (Dubrunfaut, Comjpt. rend. 23, 42.) When 0*56 
kilog. cane-sugar is dissolved in 1*1 litre of water at 16*62°, the tem- 
perature falls to 15*5°. (Pohl, J. 7)?’. Chern. 82, 154.) A concentrated 
solution, or syrup, of sugar is viscid, glutinous and ropy. On the expan- 
sion of sugar-solutions when heated, see Gerlach (Kopjes Jahresber . 1859, 48 j. — The 
specific gravity of cane-sugar solutions of definite percentage has been determined by 
Brandes & Reich (Br. Arch. 22, 70); Niemann (Am. Pharm. 2 , 341), Payen 
(Dumas’ Trait a de Chimie appliquee, 6, 256; Gerhard? s Traits , 2, 516); Brix 
(Dingl. 136, 214); Balling ( GaJirungschemie s Prag 1845, 1, 117, and Suppl. 81), and 
Steinheil (Gehaltsprobe fur Biere , Muncben, 1847). The most important of these 
tables, calculated by Pohl, are given in Wien. Akad. Ber, 11, 632 and Handworterbuch 
der Chemie 7, 4. 


Percentage of Cane-sugar in Aqueous Solutions of different densities. 


(Extracted from the Tables of Balling and Brix). 


Cane-sugar 

Sp. gr. 

Cane-sugar 

Sp. gr. 

per cent. 

0*17*5°. 

per cent. 

at 17*5°. 

1 

1*0040 

50 

1*2165 

5 

1*0200 

55 

1*2610 

10 

1 ; 0404 

GO 

1*2900 

15 

1*0614 

65 

1*3190 

20 

1*0832 

70 

1*3507 

25 

1*1059 

75 

1*3824 

30 

1*1295 

80 

1*4159 

35 

1*1540 

85 

1*4499 

40 

1*1794 

90 

1*4849 

45 

1*2057 

95 

1*5209 



99 

1*5504 


When a solution of cane-sugar saturated at common temperatures 
is mixed with an equal volume of oil of vitriol, a stormy reaction sets 
in, heat is evolved, and the liquid froths up, giving off choking vapours 
of formic acid. Left to itself, it soon solidifies to a black humus-like 
mass, which, when mixed with 10 or 20 times its volume of water, gives 
a very strongly fluorescent liquid ; the fluorescence is not destroyed 
by boiling, but immediately by neutralisation with bases. The solution 
contains an acid whose baryta-salt dries to a resinous mass (Simler, 
Chem. Centr. 1862, 878). 
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With Bases. — Sucrate of Ammonia. — 20 parts of pulverised sugar 
gradually absorb 1 pt. of ammonia-gas and form a dense tenacious 
mass, which smells of ammonia and gives it off on exposure to the air. 
(Berzelius.) 

Sucrate of Potash. — An alcoholic solution of cane-sugar is precipi- 
tated with strong potash-ley; the semifluid precipitate is triturated 
with fresh alcohol, which renders it compact, and dried in vacuo, or in 
air free from carbonic acid. (Soubeiran.) White, friable translucent 
mass, shining on the fractured surface, melting at 100° to a viscid 
liquid, and having an alkaline, not sweet taste. (Brendeckc.) According 
to Brendecke, it contains 12*6 p. c. potash, and consists of C^H^O^KO 
(C 21 H 21 0 21 ,K0 = 12‘41 p. c. KO). Soubeiran gives the same formula ; Dubrunfaut 
(Compt. rend. 32, 498) gives C^H'^O^KO. It turns brown when heated 
to 110°, and swells up strongly when heated. It is completely decom- 
posed by a stream of carbonic acid, partially by air containing carbonic 
acid. — When its aqueous solution is exposed to the electric current, 
it gives off hydrogen at the negative pole, while an aqueous solution of 
carbonate of potash is formed at the positive pole. (Becquerel, Ann. 
Chim. Pk/s. 47, 5.) — It is not decomposed by aqueous boracic acid at 
mean temperatures. (Michaelis.) It is insoluble in pure alcohol, but 
dissolves in alcohol containing sugar. (Brendecke.) — A solution 
of cane-sugar loses 13 per cent, of its rotatory power on addition of 
1 at. potash, but no more when a larger quantity of potash is added ; 
hence there is probably but one definite compound of cane-sugar and 
potash. (Dubrunfaut, see also Michaelis, J. pr. Chem. 56, 411.) 

Sucrate of Soda. — Obtained like the potash-compound, and ex- 
hibits similar reactions. (Brendeckc, Becquerel, Dubrunfaut.) Con- 
tains 7*38 p. c. soda (Soubeiran), 8*2 p. c. (Brendecke). According* 
to Soubeiran, it is C^H^O^NaO. (C 24 H 21 0 2i ,lS T a0 = 8*52 p. c. NaO.) 

Compound of Cane-sugar with Chloride of Sodium.— On mixing the 
solutions of 1 pt. common salt and 4 pts. sugar, and leaving the liquid 
to evaporate, cane-sugar crystallises out first, and the mother-liquors, 
on further evaporation, yield this compound. — Small, sharp-edged 
crystals having a sweet and saline taste, deliquescing in the air. 
(Pcligot, Ann. Chim. Pk/s. 67, 113.) In combination with common 
salt, cane-sugar retains its rotatory power unaltered. (Biot, Compt 
rend. 15, 635.) 

Belongs to the doubly oblique prismatic system, perhaps diclino- 
hedxal. The colourless crystals with rough, imperfectly reflecting 
faces are formed (fig. 125, without y and g) from the two perpen- 
dicular dodecaidal faces v and u whose edges are truncated by the 
hexaidal faces (back and front), and a* (right and left). The 8- sided 
prism thus formed is terminated above by a dihedral summit formed 
by the right dodecaidal face h and the left h. x : £ = 103 °3T calc., = 
103° 4T obs. ; u : 136° 15' calc., = 136° 17' obs. ; « : *= 147° 16' 

calc., = 147° 35' obs.; v : x — 116° 14'; v i.z =± 140° 15'; h : x = 
129° 4' obs. ; & : li above = 101° 52' calc., = 102° 26' obs. ; hiz = 98° 2' 
calc., = 97° 55' obs. ; h : n = 137° 26' calc., = 137° 7' obs.; h : v 
behind = 73° 2' calc. ; li : z = 81° 58' obs. ; h : u = 62° 34'; h : o 
= 106° 35' calc. (Weiss, Wien. Ahead. Per. 37, 376.) 
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24 C 

144 

.. 36*7 .... 

Peligot, 

36*8 

21 H 

21 

5*3 .... 

5*7 

21 O 

168 

.. 43*1 

42*8 

NaCI 

58*5 .. 

.. 14*9 

14*7 


C 24 H 21 0 21 .NaCl 391*5 .... 100*0 100*0 

So, according to Peligot Graham splits the formula into C 12 IT n O n + C 12 II 10 O 10 , 
NaCl. According to Gerhardfc {Traits 2, 534), it is C^H^O^NaCl \ according to 
Blondeau. de Carolles, C 24 H 20 O 20 ,NaCl,3HO. 

Cane-sugar with Borax. — Aqueous borax dissolves more cane-sugar 
tlian pure water. When a solution of cane-sugar saturated with borax 
is evaporated, borax crystallises out ; and weak alcohol added to 
the mother-liquor, throws down a glutinous liquid, which, after repeated 
solution in a small quantity of water and preciptation with alcohol, 
contains 3 at. cane-sugar to 1 at. borax. The same compound, 
NaO, 2 BO*, 5ITO + 3C 12 H ll O u ’ is obtained by dissolving the constituents 
in water and evaporating. (Sttirenberg, JV. Br. Arch. 18, 27.) 

Sucrate of Baryta. — Mono-acid. — Obtained by the action of hydrate 
of baryta or monosulphide of barium on solution of cane-sugar, in the 
latter case with formation of sulphydrate of barium — or by the action 
of sulphide of barium on sucrate of soda, with formation of sulphydrate 
of sodium (Dubrunfaut, Compt. rend. 32, 498). — Baryta-water is 
heated to boiling with cane-sugar, the solution left to crystallise, and 
the crystals dried out of contact with the air (Brendecke, Peligot). 
The solution of 1 pt. baryta in 3 pts. water solidifies, when mixed with 
a 50 per cent, solution of cane-sugar, to a crystalline pulp, which does 
not redissolve when heated (Peligot). — Small nacreous crystals 
(Brendecke), resembling boracic acid, of caustic taste and alkaline re- 
action (Peligot). — The rotatory power of cane-sugar is not altered by 
baryta-water (Dubrunfaut). 

The compound, after drying in vacuo, does not give off any water 
at 200°. (Peligot.) It is decomposed by carbonic acid, with separa- 
tion of anhydrous carbonate of baryta (Pelouze. Ann. CMm. Pkys. 48, 
307). — It dissolves in 47*0 pts. of water at 15° ; in 43*5 pts. water at 
100° (Peligot, A r . Ann. Chun . Phys. 54, 379). Insoluble in wood- 
spirit and in alcohol. 


24 C 

22 H 

22 O 

2BaO 

22 

176 

153 

.... 29*1 ... 

.... 4*5 ... 

.... 35*6 ... 

.... 30 8 ... 

Peligot 

28*2 

4*5 

36*4 

30*9 

Stein. 

36*1 ... 

........ 31*0 

Soubeiran, 

29*05 

4*50 

35*52 

30*93 

C^H-O^BaO 

495 

.... 100*0 ... 

100*0 

100*0 ... 

100*00 

So, according to Peligot, Pelouze, and Soubeiran. 
30, 82 ; Peligot N. J. Pharm, 2, 103). 

Compare Stein (Ann, Pharm. 


Biacid'] — Prom the solution of cane-sugar in saturated baryta- 
water, alcohol throws down a precipitate containing 18*5 p. c. baryta. 
(Brendecke.) This precipitate contains cane-sugar in a state of 
mixture (Soubeiran). * 

Sucrate of Strontia. — The solution of equal quantities of sugar and 
strontia is pale yellow, has a caustic taste, and on cooling yields 
crystals which effloresce in the air from absorption of carbonic acid 
(Ramsey, Schio. 35, 488). Cane-sugar in combination with strontia 
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retains its rotatory power unaltered (Dubrunfaut). ■ — Carbonic acid 
separates from the solution anhydrous carbonate of strontia (Pelouze). 

Sucrate of Lime. — Lime dissolves in sugar-water (with evolution 
of heat, according to Peligot) in much larger quantity than in pure 
water (Lowitz). The quantity of lime which an aqueous sugar- 
solution is capable of taking up depends upon its density (Peligot, 
Bertkelot) and temperature (Dubrunfaut). 

100 pts. cane-sugar dissolved in water dissolve 55*6 pts. lime 
(Osann), 50 (Ure), 49*6 (Daniell), 29 to 30*6 (Hunton), 23 pts. forming 
f-sucrate of lime (Soubeiran). The sugar-solution at 100° takes up 
i at. lime to 1 at. sugur ; at 0°, if it contains not less than 25 p. c. 
sugar, it takes up 2 at. lime to 1 at. sugar. (Dubrunfaut.) On the 
solubility of lime in sugar- solutions, Peligot formerly founded a mode of estimation of 
sugar ( Compt . rend. 22, 936). 

When a solution of sugar is agitated with excess of lime, complete 
saturation takes place but slowly, after repeated agitation, and only 
when the quantity of lime present is at least twice as great as that 
which the solution can take up. Solutions containing more than 30 
p. c. sugar become gummy and then solidify ; those which exhibit a 
density of 35° Bm. immediately form a sparingly soluble compound, 
not separable from the excess of lime. With somewhat more dilute 
solutions, monosucrate of lime is always formed, but this compound is 
capable of taking up an additional quantity of lime greater in propor- 
tion to the concentration of the solution. Sugar-solutions of 40 per 
cent, take up 26*57 pts. lime to 100 pts. sugar; solutions of 20 per 
cent, only 23*15 pts. and solutions of 5 per cent, only 18*06 pts., 
therefore more than 1*5 at. lime (exactly 1*62 at.) to 1 at. sugar, the 
monobasic sucrate of lime formed in the first instance being partially 
converted into bibasic sucrate. (Peligot.) Soubeiran supposes 
the solutions to contain f-sucrate, Berthelot f-sucrate of lime 
(3C 12 H n O u ,4CaO). 

More dilute sugar-solutions containing not more than 2*4 p. c. 
sugar, dissolve less lime ; moreover they dissolve a constant quantity 
wliich (after deducting the lime which the water itself dissolves) 
amounts to 12*6 pfcs. lime for 100 pts. sugar, corresponding apparently 
to the formulae 3C 12 H 11 0 11 ,4Ca0, requiring 10*91 p. c. lime. (Berthelot.) 

See Peligot's Table of the solubility of lime in sugar- water {Compt. rend. 32, 335 ; N. 
Ann. Chim.Phy$. 54, 383); Berthelot’s Table (iV. Ann. Chim. Phys. 46, 176). 

The aqueons solution of sucrate of lime tastes bitter and alkaline 
but scarcely sweet. Its rotatory power is less than that of the sugar 
contained in it by 13 p. c. if 1 at. lime, by 26 p. c. if 2 at. lime have 
been added to 1 at. sugar (Dubrunfaut). On neutralising the solution 
with an acid, it recovers its rotatory power, even if it has previously 
been heated to 117*5°, hut not if it has been heated to 119°. The 
presence of ferric oxide in the solution has no influence on these 
results. (Michaelis, J. pr . Ckem. 56, 422). — The solution solidifies 
to a thick paste when heated, a large quantity of lime separating 
in combination with a small quantity of sugar (terbasic sucrate 
according to Peligot), and becomes clear again on cooling (Osann, 
Gilb. 69, 292 ; Kastn. Arch. 3, 204). Part of the lime then remains 
dissolved, together with the greater part of the sugar (Osann), but the 
quantity of the latter retained in solution depends on the pro- 
portion of lime and sugar originally present, amounting to f of the 
original quantity, if the heated solution contained the monosucrate, and 
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to half the original quantity if it contained the sesquibasic sucrate, 
(Peligot.) Dilute solutions of sucrate of lime become turbid at 80°, 
concentrated solutions at 100° ; in liig-lily concentrated solutions no 
precipitate is formed (Dubrunfaut). — When solutions containing at. 
lime to 2 at. sugar are boiled continuously, no decomposition of the 
sugar takes place, not even such as would result from the boiling of 
its aqueous solution. (DubrunFaut.) — When a cold-prepared solution 
of sucrate of lime has been decomposed by carbonic acid, no altered 
sugar can be detected in it by solution of copper ; even if it lias been 
boiled over the open fire for two hours, or till the boiling point has 
risen to 120° and the mass thickens and begins to char, the unburnt 
portion when treated with carbonic acid, still yields unaltered sugar. 
(Hochstetter J. pr. Chem. 29, 26.) The decomposition of sugar-solu- 
tions by boiling is retarded by the addition of chalk or of a small 
quantity of sucrate of lime, and does not take place at all in the boiling 
of saturated solutions of sucrate of lime. If however inverse sugar 
has been previously formed, this sugar is quickly decomposed by 
boiling (Soubeiran). — When solutions of sucrate of lime are evapo- 
rated there remains a colourless or pale yellow, translucent, viscid 
mass, which becomes friable when quite dry. 

The solution of sucrate of lime, which remains unaltered if kept 
from contact with the air (p 261), deposits crystals of penta-hydrated 
carbonate of lime when exposed to the action of carbonic acid (or to 
the electric current, according to Becquerel, Ann. Chim . Phys. 47, 1), 
without (in the first case) any alteration of the sugar. (Pelonze, 
Brendecke.) Solutions of sucrate of lime become turbid on exposure 
to the air, only when they are dilute. (Kuhlmann, Dubrunfaut.) 
From the alcoholic solution, air containing carbonic acid throws down 
anhydrous carbonate of lime. (Brendecke.) — When carbonic acid is 
passed into a solution of monosucrate of lime, the liquid does not become 
turbid till the first third of the lime has been converted into carbonate ; 
if the stream of carbonic acid be still kept up, the liquid solidifies to a 
jelly, the second third of the lime being then converted into carbonate, 
while the last third remains in solution as sucrate of lime, together 
with traces of carbonate. (Dubrunfaut.) According to Brendecke, the 
whole of the lime may be precipitated as carbonate. Lowitz [CrelL Ann. 1792, 
1,346). Daniell {Ann. Chim. Phys. 10, 221'. Ramsey ( Scikw . 35, 488. —BibL 
unit?. July, 1808). Franz Meyer (Repent. 7, 256). Brendecke (N, Br. Arch. 29, 
75), Soubeiran (N. J. J 9 harm. 1, 469 ; J.pr. Chem. 26, 498 ; Ann. P/tarrn. 43, 223), 
Dubrunfaut ( Compt . rend 32, 498). Peligot {Ann. Chim. Phys . 07, 113 ; Bcrz. 
Jahresher. 19, 447), &c. 

a. Terbasic Bucrcite of Lime. — Separates on heating the aqueous 
solution of monosucrate of lime, or on heating a sugar-solution agitated 
with excess of hydrate of lime and filtered, as an opaque mass resem- 
bling’ coagulated white of egg, and is obtained by filtering the solution 
at the boiling heat, washing with hot water and drying at 110° in air 
free from carbonic acid. — It dissolves in more than .100 pts. of cold 
water, the solution when heated depositing half the quantity dissolved. 
It dissolves readily in sugar- water. (Peligot, JSf. Ann. Chim. Phys. 
•54, 379.) 

Daniell. Peligot. 

CKhuou..... 171 .... 67*06 

3 CaO 84 .... 32*94 


C l2 E n O ll ,3CaO 


255 100-00 


33-52 


32*90 
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b. Bibasic . — Syrup of cane-sugar is digested with excess of 
hydrate of lime, the filtrate is precipitated with alcohol, and the pre- 
cipitate is washed with alcohol and dried at 100°. (Hunton, Phil. Mag . 
[3], 11, 152; J. p?\ Climb. 11, 409; Berz. Jahresber. 18, 321.) 


Hunton. 

C^O 11 171 .... 6979 

2CaO 56 .... 22-86 .... 22-65 

2HO IS .... 7-35 


C 12 H 11 0 11 ,2(Ca0,H0) 245 .... 100*00 

c. Sesquibasic. ? — This compound is always formed when a solution 
of sugar is boiled or set aside at common temperatures, with excess of 
lime, and is obtained as a white amorphous gum by evaporating the 
filtrate out of contact with carbonic acid. (Soubeiran.) Brendecke 
moistens a mixture of equal parts of quicklime and cane-sugar with 
J pt. water, dissolves the resinous mass, which forms with rise of 
temperature, in cold water, and precipitates with alcohol, which throws 
down curdy flocks, or from concentrated solutions, tenacious clots. 
These are washed with alcohol and dried over oil of vitriol Sou- 
beiran uses 2 pts. of quicklime to 13 pts. of sugar. 

Transparent, brittle resin, or granular, white, friable mass. Has a 
calcareous taste (Brendecke), nauseous (Soubeiran), and an alkaline 
reaction. — When very dry, it deflagrates quickly like gunpowder, on 
being heated. (Brendecke.) — It dissolves readily in cold water, sepa- 
rating out when heated (doubtless as terbasic sucrate). It is insolu- 
ble in strong and in weak alcohol (Brendecke), but dissolves in an 
alcoholic solution of sugar. (Soubeiran.) 


24 C 

ai 100°. 
144 ... 

. 33-80 .. 

Soubeiran. 

mean. 

33-47 

Brendecke. 

22 H 

22 ... 

.. 5-16 .. 

5-16 


22 O 

.... 176* ... 

. 41*32 

41*27 


3 CaO 

..... 84 ... 

. 19*72 .. 

20*10 .. 

... 18*5; 

2C IS H 11 0 11 ,3Ca0 

.... 426 ... 

.. 100*00 .. 

100*00 



So, according to Soubeiran ; according to Peligot, it is a mixture of bi- and mono- 
basic sucrates of lime. 

d. Monobasic . — 1. Solution of sugar is agitated with excess of 
hydrate of lime, filtered, and the filtrate is mixed with an additional 
quantity of sugar and precipitated with alcohol. — 2. A concentrated 
solution of sugar is added by small portions to milk of lime till the 
whole of the lime is dissolved, and the solution is precipitated with 
alcohol of 85 per cent. (Brendecke.) Soubeiran uses in this case also 
2 pts. quicklime to 13 pts, sugar. — White precipitate, becoming a 
brittle resin when dry. Deflagrates after drying, like tinder. (Bren- 
decke.) — Dissolves easily, even after drying, in cold water (Bren- 
decke), and the solution when heated deposits terbasic sucrate of lime, 
— two-thirds of the sugar then remaining in solution,— and becomes 
quite clear again on cooling : 

3(C 13 H n O u , CaO) = C 12 H 11 0 1 b3Ca0 + 2C 12 H u O u (Peligot). 

The precipitate disappears on adding cane-sugar, glucose, milk-sugar, or 
mannite to the hot liquid. (Brendecke.) Aqueous monobasic sucrate of 
lime is capable of taking up a larger quantity of lime, being thereby 
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converted into sesquibasic sucrate (Soubeiran), partially into bibasic 
sucrate. (Peligot.) -rid. sap. 

Soubeiran. Peligot. Brendecke. 


12 C .... 
11 H.... 
HO.... 
CaO 


72 

11 

88 

28 


36'18 

5*52 

44*22 

14*08 


mean. 

36-38 

5-48 

43-74 

14-40 


.... 14*00 14*3 


C 12 H 11 O n ,CaO 199 .... 100*00 100-00 

The presence of sugar promotes the absorption of sulphuretted hydrogen by milk of 
lime and the formation of sulphydrate of calcium (Dubrunfaut). 

Sucrate of lime dissolves carbonate of lime (Barreswil, Compt . rend. 
32, 469 ; J. pr. Chem. 53, 62 ; Dubrunfaut), only in traces. (Iloch- 
stetter, J. pr. Chem. 29, 28.) Solution of sucrate of lime gives no pre- 
cipitate -when mixed with chloride of calcium and carbonate of soda, 
but on adding a small quantity of sal-ammoniac the precipitate 
forms immediately. (Barreswil.) — Aqueous sucrate of lime dissolves 
terbasic phosphate of lime, either in the pulverised or recently precipi- 
tated state, the latter more abundantly. (Vasmcr, N. Br. Arch. 24, 
144; Bobierre, Compt rend. 32, 859; J. pr. Chem. 53, 508.) — Accord- 
ing to Larrey (Gas. medico di Milano , Nr. 10, 1844) teeth immersed 
in a saturated solution of sugar become soft and gelatinous ; but 
Marchand (J. pr. Chem. 40, 371) found teeth and bones unsoftened 
after lying in sugar-water for 14 days, the solution not containing a 
larger quantity of lime-salts than would have been dissolved by pure 
water. See also Heumann ( Repert . 92, 321). 

Sucrate of Magnesia. — The solution of magnesia in sugar-water is 
colourless and has a sweet taste; when kept in close vessels it deposits 
nearly all the magnesia in the course of a few months. 

Hydrate of Alumina is very slightly soluble in sugar-water 
(Ramsey). — Aqueous cane-sugar does not dissolve silicic acid either in 
the amorphous or in the crystalline state. (Petzholdt, J. pr. Chem.. 
60, 368.) — Cane-sugar prevents the precipitation of manganous salts 
by potash-ley, the solution depositing peroxide of manganese when 
exposed to the air. (Lassaigne.) An aqueous solution of sugar does 
not dissolve sesquioxide of manganese (Peschicr) or the peroxide. It 
does not dissolve powder of algaroth, and takes up only a small quantity 
of antimonic acid. (Peschier.) It attacks metallic zinc when in 
contact with iron, but dissolves only inconsiderable quantities of pure 
zinc or tin (Gladstone, Chem. Soc. Qu. J. 7, 195), — Oxide of zinc does 
not dissolve in sugar- water (Peschicr). 

Sucrate of Lead . — Lead is attacked by cane-sugar solution in three 
days in warm weather, in a few hours at the boiling heat (Gladstone, 
Chem. 'Soc. Qu. J. 7, 195 ; J. pr. Chem. 64, 192). — Litharge dissolves 
in sugar-solution only when very finely .pulverised ; red lead more 
abundantly (Peschier, J. Pham . 3, 510). Protoxide of lead forms with 
sugar an insoluble and a soluble -compound (Berzelius). The latter is 
perhaps to be regarded as a solution of sucrate of lead in sugar- water 
(Kr). When sugar solutions are agitated with excess of lead-oxide, 
the whole of the sugar is precipitated as bibasic sucrate of lead, in 
crystalline needles (Dubrunfaut, Compt. rend. 32, 498). 

Bibasic. — 1. When sugar-water is boiled with litharge and the 
filtrate is left to stand for 24 hours out of contact with the air, white 
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flocks separate from it. (A. Vogel.) — 2. Lead-oxide is digested with 
solution of sugar in a closed vessel, as long as sugar is taken up by it 
(Berzelius, Mulder). — 3. Aqueous neutral acetate of lead is mixed 
with sugar-solution, ammonia is added, and the resulting gelatinous 
precipitate is dissolved in boiling water. The solution left to itself in a 
close vessel deposits nodules which may be dried in vacuo or over lime 
(Peligot). — 4. A solution of mono- or sesquibasic sucrate of lime is 
added to aqueous neutral acetate of lead, as long as the precipitate, 
which at first redissolves on agitation, continues to increase. 
(Soubeiran). — 5. Sesquibasic sucrate of lime is added to solution of 
neutral acetate of lead till the precipitate no longer disappears after 
forming, and the liquid is precipitated with alcohol (Soubeiran). 

Crystalline needles or nodules, or white tasteless powder. When 
heated, it bums like tinder and leaves globules of lead. Insoluble in 
water whether cold or boiling, easily soluble in acids and in solution of 
acetate of lead. — If precipitated from sugar-solutions by neutral 
acetate of lead and ammonia, it does not change colour when heated 
(Schmidt, Dissert, uber Traubenzucher , Gotting. 1861). 


Peligot. Mulder. 

at 100°. at 100°. at 159°. 

12 C 72 .... 19*10 .... 19*1 .... 18*50 .... 19*14 

9 H 9 .... 2*38 .... 2*4 .... 2*69 .... 2-50 

9 O 72 .... 19*10 .... 19*2 .... 21*66 .... 19*17 

2 PbO 224 .... 59*42 .... 59*3 .... 57*15 .... 59*19 


C 12 H 9 0 9 ,2Pb0 .... 377 .... 100*00 .... 100*0 .... 100*00 .... 100*00 


Contains 58*26 p. c. lead-oxide (Berzelius); when prepared according to 4 or 5, it 
contains from 58*6 to 59*5 p. c. (Soubeiran). Berzelius first assigned to it the formula 
C l3 H 10 O 10 ,2PbO ; Peligot that above given. As Peligot originally examined the com- 
pound dried at 170°, Berzelius ( Berz . Jahresher . 19, 443; Compt . rend. 8, 528) sup- 
posed that it contained sugar already altered ( caramel ), whereupon Peligot showed 
\Oampt. rend. 8, 530) that the compound, dried at 100°, likewise possesses the above 
constitution, and contains unaltered sugar which may be recovered. According to 
Mulder (J.pr. Chem. 19, 187), the compound dried at 100° contains C 12 H i0 O 10 ,2PbO, 
and does not become anhydrous till heated to between 141° and 143°, giving off 2*25 
p. c. of its weight, and becoming somewhat coloured. 

Cane-sugar mixed with inverse sugar behaves when shaken up 
with oxide of lead, in the same manner as pure cane-sugar, a. When 
200 pts. of lead-oxide are mixed with 15 pts. cane-sugar and, as much 
water as is required to make up the mixture to 300 cub. cent., the 
lead-oxide, after two days’ standing and agitation, takes up the whole 
of the sugar, so that the supernatant water contains no more of it. — 
b. If the same mixture contains inverse sugar instead of cane-sugar, 
the lead-oxide does not take up more than ^ of the sugar. — c. If the 
cane-sugar in a is converted, to the amount of Ao or more, into 
inverse sugar, the unaltered portion is likewise not taken up by the 
lead-oxide, or at least not completely. — d. If the mixture contains 
both kinds of sugar and less lead-oxide than a, the inverse sugar is 
almost wholly taken up, the cane-sugar only in part. In 200 cc. of a 
solution containing 10*66 grms. of each of the two sugars, and left for 
14 days in contact with 100 grms. of lead-oxide, 0*14 grm. inverse 
sugar and 2*82 grms. cane-sugar still remained dissolved. The latter 
could not be crystallised after the removal of the lead, probably in 
■ vol. xv. t r 
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consequence of the admixture of glucic and apoglucic acid (Buignet, 
N, An n. Chim. Phjs. 61, 233). 

Hydrated oxide of lead is dissolved by the sucratos of potash, soda, 
baryta and lime (Hunton). 

Cane-sugar with Iron. — Ferrous oxide does not dissolve in sugar- 
water (Peschier), not even when recently precipitated (Gladstone). — 
Sugar- water has no action on ferric hydrate (Gladstone) ; it dissolves 
a small quantify of ferric oxide, precipitable by sulphide of ammonium, 
but not by ammonia, or by ferrocyanidc of potassium^ (Peschier) ; it 
reduces ferric oxide to a slight extent when boiled with it. (Kuhlmann, 
Compt. rend. 49, 257.) — Pieces of iron, in contact with air, and with 
solution of sugar (especially if it contains salts) arc rapidly corroded, 
while the portions wholly immersed in the liquid remain unaltered. 
The red-brown solution formed after 18 months’ standing, leaves, 
when evaporated over the water-bath, a tasteless, insoluble residue 
corresponding to the formula FeO,C 12 H u O u ; it is insoluble in alcohol, 
is precipitated by sulphide of ammonium, but not by the pure alkalis 
or their carbonates (Gladstone, Inst. 1854, 35 ; Lieb. Kopp. J (thresher. 
1858, 537. — Chem. Soc. Qu.J. 7, 195; Lieb. Kopp. Jahresber. 1854, 619). 

In a solution of sugar mixed with ferrous or ferric salts, potash- 
ley produces a precipitate which dissolves in excess of potash, forming 
a liquid which is either red-brown at first, or (in the case of ferrous 
salts) becomes so by contact with air (Lassaigne, Rose). Aqueous 
solution of sucrate of lime (potash, baryta, or strontia) dissolves 
sesquioxide of iron, converting it into protoxide. The residue left after 
evaporation and drying at 100°, contains 18 p. c. CaO, and 11*7 FeO, 
corresponding to the formula C 12 H u O u ,2Ca(),FeO,3HO (calc. 19*3 p. c. 
CaO 12-4 FeO). The solution left in contact with the air, soon deposits 
crystals of carbonate of lime and ferrous carbonate : it is precipitated 
by alkaline succinates and benzoates, but not by pure alkalis or by 
ferrocyanide of potassium (Hunton). 

Cane-sugar with Cupric oxide.— (See page 263.) — Sugar-solution dis- 
solves perceptible quantities of copper when left in contact with it for 
some weeks in hot weather. (Gladstone.) — It does not dissolve cupric 
hydrate, except in presence of alkalis or alkaline earths. Oupric car- 
bonate is abundantly dissolved by aqueous solution of sugar, the 
resulting green solution being precipitated by ferrocyanide of potas- 
sium and sulphide of ammonium, but not by alkaline carbonates. 
(Peschier, J. Pharm. 3, 510 ; liepiert. 6, 85.) -7- A mixture of the concen- 
trated solutions of cane-sugar and cupric sulphate, deposits, after 
standing for some time, a bluish white precipitate containing 1 at- 
sugar (therefore probably C 12 H u O n ) to 1 at. CuO,SO s and 4 at. water. 
This compound decomposes when its solution is heated with separation 
of cuprous oxide and metallic copper. When gradually heated alone, 
it gives off water and forms a humous substance. (Barreswil, M J. 
Pharm. 7, 29 ; J. pr. Chem. 35, 253.) 

Sucrate of potash, sucrate of baryta, and monosucrate of lime, do 
not of themselves dissolve cupric hydrate, but on adding more sugar 
the cupric hydrate dissolves immediately, forming a deep blue liquid. 
(Peligot.) Recently precipitated cupric hydrate dissolves abundantly 
in sugar-solutions mixed with potash, soda or lime, sparingly in such as 
contain baryta or strontia. (Becquerpl, Ann. Chim. Phys. 47, 7.) 
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When cupric hydrate in excess is mixed with sugar-solution and a 
small quantity of potash, the filtrate, which has a fine blue colour, 
leaves, on evaporation in vacuo, a transparent turpentine-like mass, 
containing 7*73 p. c. CuO, 8*83 KO, and 83*44 sugar and water. 
(Lassaigne, J. Chinn . med. 18, 820; Berz, Jahresber. 23, 280.) — Aqueous 
hihasic sucrate of lime dissolves cupric hydrate, forming a blue liquid, 
which, when evaporated in vacuo, leaves a crystalline mass, permanent 
in the air, and containing, after drying at 100 °, 16*3 p. c. lime and 
22*3 CuO, therefore C 13 H 11 0 11 ,2Ca0,2Cu0,3H0 (calc. 16*7 CaO and 23*9 
CuO). Its solution heated to 70°, deposits blue flocks which redissolve 
completely on cooling*. A similar effect takes place when the solution 
is boiled in an open, shallow vessel ; but it decomposes, with separa- 
tion of cuprous oxide, when heated once or twice in a test-tube, or 
after addition of sugar. (Hunton, J. pr. Chem . 11, 409.) 

Cane-sugar solution does not attack metallic mercury, or metallic 
silver. (Gladstone.) 

Cane-sugar dissolves in 80 pts. of boiling absolute alcohol , and 
separates out again almost completely on cooling (Pfaff) ; it dissolves 
in 4 pts. boiling alcohol of sp. gr. about 0*83, the greater part sepa- 
rating on cooling (Wenzel); in still weaker alcohol, sugar dissolves 
more abundantly, but not to so large an amount as in water. — Cane- 
sugar is precipitated in the crystalline form from its alcoholic solution 
by ether . (Dobereiner, Ann. PJicirm 14, 249.) 

Aqueous cane-sugar dissolves uric acid , which separates again on 
addition of hydrochloric acid. (Vasmer, N. Br. Arch. 24, 144.) 


Appendix to Cane-sugar. 

1. Caramelane. 

C 12 H 9 0 3 or C 24 IP0 18 . 


Gelis. N. Ann. Chim. Phys. 52, 360; abstr. Compt. rend. 45, 590; 

JSf. J. Pharm . 32, 424 ; Chem. Centr. 1858, 163 ; N. Br. Arch. 95, 68 ; 

Kopfs Jahresber. 1857, 497. 

See p. 248. The first product of the decomposition of cane-sugar by beat, and 
almost the sole constituent of the residue, if the loss does not exceed 10 per cent. The 
chief constituent of ordinary caramel. 

To prepare it, caramel is immersed in alcohol of 84 per cent., which 
dissolves caramelane, unaltered sugar, and traces of caramelene, leaving 
caramalene and caramelin undissolved ; the solution is evaporated ; the 
unaltered sugar is decomposed by fermentation with yeast ; the liquid 
is filtered and evaporated to dryness; the residue is treated with 
alcohol, which leaves caramelene undissolved ; and the solution is 
evaporated. 

Brown, inodorous, very bitter mass. Hard and brittle at mean 
temperature, semi-fluid at 100°. 
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at 120°. 


G61is. 

12 C 

72 .. 

.. 47*06 ... 

46*41 

9 H 

9 .. 

.. 5-88 ... 

6*53 

90 

72 .. 

.. 47*06 ... 

47*06 

.... 

153 .. 

.. 100*00 ... 

100*00 


Caramelane heated to 190° gives off water and is converted into 
caramelene. — With nitric acid , it forms oxalic acid. — - From an aqueous 
solution of cupric oxide and potash it throws down cuprous oxide, and 
from gold and silver salts, it throws down the metals. — Not fermentable 
■with yeast. 

Deliquesces in moist air, and dissolves readily in water, with fine 
gold-yellow colour. — The aqueous solution does not precipitate 
metallic salts . 

Barium-compound. — Precipitated by a solution of baryta in wood- 
spirit added in excess to alcoholic caramelane. Contains 52*40 p. c. 
baryta, corresponding to the formula C 12 II 8 0 8 ,2Ba0 (calc. 51 '5 6 p. c. 
BaO). 

Lead-compounds . — a. Bibasic . — Ammoniacal sugar of lead added 
in excess to alcoholic caramelane throws down a precipitate containing 
61 p. c. PbO, therefore C 12 H 8 0 8 ,2Pb0 (calc. 60*76 p. c. PbO).-~ 
b. Monobasic . — Separated from alcoholic caramelane by alcoholic sugar 
of lead, as a yellow precipitate, the liquid remaining coloured ; purified 
by washing with alcohol. 


12 C 

... 72 .. 

.. 28*125 .... 

Gelis. 
28*81 

8 H 

... 8 .. 

.. 3*125 .... 

3*29 

8 O 

... 64 .. 

.. 25*000 .... 

25*70 

PbO 

... 111*7 .. 

... 43*750 ... 

42*20 

C 12 H s 0 8 ,Pb0 . 

... 255*7 .. 

.. 100*000 .... 

100*00 


Caramelane dissolves in weak alcohol, slightly in absolute alcohol, 
not at all in ether. 


2. Caramelene. 

C 38 H M 0 25 . 

Gelis. N. Ann . CMm. Phys. 52, 365. 

Extracted by cold water from the residue insoluble in alcohol 
obtained in the preparation of caramelane from ordinary caramel. The 
solution is evaporated or precipitated with alcohol, and the admixed 
earamelin, which remains after dissolving in water and filtering, is 
removed. — If the loss of weight of the cane-sugar by heating amounts 
to about 15 per cent, the residue is rich in caramelene. 

Properties . Red-brown, hard, brittle mass, shining on the fractured 
surface. Permanent in the air. 
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Gdlis. 

36 C 

216 .. 

.. 48*98 .... 

48-37 

25 H 

25 .. 

.. 5*66 ... 

6*17 

25 O 

200 .. 

.. 45-36 ... 

45*46 

C 36 H 25(p ^ 

441 .. 

.. 100-00 

100*00 


According to Gelis, it is SC^H^O 8 4- HO. 

With nitric add , it forms oxalic acid. — It dissolves in dilute acids, 
the solution depositing red-brown flocks slowly in the cold, quickly 
when heated. It reduces cupric oxide in alkaline solution, also nitrate 
of silver . 

Dissolves in water, with deep red-brown colour. 

Barium-compound. — The solution of caramelene in aqueous alcohol 
is mixed with excess of baryta- water, or a mixture of aqueous cara- 
melene with baryta-water is precipitated by alcohol. 


36 C 

216-0 .. 

.. 42*46 .... 

Gelis. 
.... 41*01 

24 H 

24-0 .. 

4-76 ... 

.... 5-80 

24 O 

192-0 .. 

.. 37*76 .... 

.... 37-51 

BaO 

76-5 .. 

... 15*02 .... 

15-68 


C 36 H 24 0 24 ,Ba0 508*5 .... 100-00 100-00 


Lead-compound. — On precipitating a : Caramelene mixed with 
excess of ammonia with sugar of lead ; b : Aqueous caramelene with 
ammoniacal sugar of lead ; and c : A mixture of aqueous caramelene 
and i alcohol with excess of alcoholic sugar of lead, — precipitates are 
formed containing: a , 61*8; 5, 52*5; and c, 20*8 p. c. lead-oxide, 
therefore 1, 4, and 6 at. lead-oxide to C 36 H 24 0 2 h 

Caramelene is easily soluble in aqueous alcohol , sparingly in abso- 
lute alcohol, insoluble in ether . 


3. Caramelin. 
OTH»0“. 


G-tjLis* N. Ann. Ghim, Phys. 52, 271. 

Respecting Maumene’s Caramelin , see page 262. — Contained in caramel, especially 
when the loss of weight of the cane-sugar amounts to 25 per cent. — Caramel, after 
exhaustion with alcohol of 84 p. c. and with cold water successively, 
consists chiefly of caramelin. This substance may occur in three 
different states, viz., as a- caramelin, soluble in water, as /3-caramelin, 
insoluble in water, but soluble in other solvents, and as 7-caramelin 
insoluble in all solvents. — a. When the above-mentioned residue is 
boiled out with water, the /3-caramelin partly dissolves as a-caramelin, 
so that the solution deposits nothing on cooling, but yields with chlo- 
ride of barium a precipitate of the barium-compound of a-caramelin. — 
ft. The solution when evaporated deposits black shining films of 
/3-caramelin. When the above-mentioned residue is well boiled with 
aqueous alkalis, ^-caramelin dissolves, and may be precipitated in 
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brown flocks by acids. — 7. When /3-caramelin is heated to 110°, or 
left in the moist state for several days, it is converted into 7-caramelin. 
(Gelis.) 

a-Oaramelin. — Known only in aqueous solution and in combination 
with baryta. 

Barium- compound of a-Caramelm, — Precipitated from aqueous cara- 


melin by chloride of barium. 



Gelis. 




mean. 

96 C 

576*0 .. 

.. 52*23 .... 

51*20 

50 H .. 

50-0 .. 

.. 4*53 .... 

5*14 

50 O 

400*0 

.. 36*29 .... 

36*28 

BaO 

76-5 .. 

.. 6*95 ... 

7*38 


C 96 H 50 O 5 0,BaO 1102-5 .... 100*00 100-00 


fi-Caramelin. Preparation and Properties, see above. Infusible, difficultly 
combustible mass, which forms oxalic acid with nitric acid , throws 
down cuprous oxide from an alkaline solution of cupric oxide , reduces 
the metals from gold and silver salts , and precipitates other metallic 
salts. Soluble in aqueous ammonia and in the fixed alkalis. Colours 
solutions 12 times stronger than caramelane. Soluble in aqueous, but 
insoluble in absolute alcohol . 

Barium-compound. — Precipitated by chloride of barium from ammo- 
niacal /3-caramelin. — From alcoholic /3-caramelin chloride of barium 
throws down a precipitate having the composition of the barium-com- 
pound of a-caramelin. 


96 C 

.... 576 ; 

... 48*85 ... 

G&is. 
48*35 

50 H 

50 . 

... 4*24 ... 

4*57 

50 0 

.... 400 . 

... 33*92 ... 

. .. 33*88 

2BaO 

.... 153 . 

... 12*99 ... 

13*20 

C*H®O S0 ,2BaO 

.... 1179 

... 100*00 ... 

100*00 


From aqueous ^-caramclin, aqueous sugar of lead throws down a 
precipitate containing 9*8 p. c. PbO, corresponding therefore to the 
formula C 96 H 60 O w ,PbO. 

7 . Cammelin. See page 293. Insoluble in all menstrua. Forms 
oxalic acid with nitric acid . 


G&is. 

mean. 

96 C 576 .... 55*65 .... 55*08 

51 H 51 .... 4*92 .... 5*06 

51 0 408 .... 39*43 .... 39-86 


C (j6 H 51 0 51 1035 .... 100-00 .... 100*00 
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4. Nitrosaccliarose. 

Schonbein. Fogg. 70, 100 ; abstr. Pharm. Centr . 1847, 505. 

L. Thompson. J. Chim . med. 24, 433. — Pharm. J. Trans. 8, 465 ; 

N. J. Pharm. 15, 103; J. Chim. med . 25, 69. 

II. Reinsch, Jahrb. pr. Pharm. 18, 102 ; Pharm. Centr . 1849, 506. 

A. A W. Knop. J . pr. Chem. 56, 334. 

Nitrozucker, Nitrorohrzucker, Knallrohrzucker . 

Formation. By the action of fuming nitric acid (Sobrero, Com.pt . 

24, 247), of nitrosulphuric acid (Schonbein, Reinsch), on cane- 
sugar (p. 258). 

Preparation. 1. One pt. pulverised cane-sugar is added to a mix- 
ture of 2 pts. oil of vitriol and 1 pt. mono-hydrated nitric acid, in 
which it at first remains suspended as a thin transparent pulp, then, if 
the liquid is continually stirred, cakes after a few minutes into a tena- 
cious lump. This is washed with cold water, and kneaded in warm 
water till it no longer reddens litmus. (Schonbein.) — 2. One pt. pul- 
verised cane-sugar is stirred up with a mixture of 16 pts. oil of vitriol 
and 6 pts. nitric acid of sp. gr. 1*5 cooled to 15° ; the pasty mass, 
which separates after a few seconds, is washed with cold water, dis- 
solved in alcohol, precipitated from the solution with excess of carbo- 
nate of potash, and purified by solution in ether and evaporation. 
(Thomson.) Thomson also uses 3 pts. oil of vitriol and 1 pt. nitric 
acid to 1 pt. sugar, allows the mixture to act upon the sugar for 
4 minutes, then washes it, and boils for a few minutes with strong 
potash-ley. — Reinsch leaves the sugar for four hours in the cooled 
mixture of 3 vol. oil of vitriol and 2 vol. nitric acid of sp. gr. 1*52. 
(under which circumstances however it may take fire ; p. 258), washes and dries 
it without application of heat. 

Properties. White or transparent colourless resin, friable in the 
cold, hut at mean temperatures, soft, glutinous, and capable of being 
drawn out into threads, having a silky lustre (Schonbein). Melts at 
about 30° (Reinsch). Inodorous. Tastes bitter. Neutral. Contains 
about 27 p. c. carbon, and 8 p. c. hydrogen, and is therefore 
C’MKPCP (Sobrero ; calculated 27*6 C. and 3*4 H). 

Decompositions. 1. Heated in an open vessel, it gives off aqueous 
vapoury then froths up and gives off hyponitric acid vapour, takes foe 
suddenly, and burns away leaving but little residue (Schonbein). 
KeinsclTs nitrosaccharose explodes on red-hot platinum foil or under 
the hammer, deflagrates when touched with a glowing splinter, and, 
when heated in a porcelain crucible, melts, gives off red vapours and 
volatilises without explosion. — 2. Nitrosaccharose dissolves gradually 
in boiling watqr, the solution turning brown when evaporated, and 
leaving a bitter residue which is soluble in cold water, and when heated, 
first swells up and then detonates (Schonbein). — Nitrosaccharose kept 
underwater in summer becomes soft, kneadable and glutinous, and after 
exposure to the air in the moist state, gives out when pressed, a liquid 
containing a considerable quantity of free nitric acid, without evolution 
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of nitrous vapours (Knop). — 3. When gently heated with oil of 
vitriol , it dissolves, without colouring, . but with an odour of nitric 
acid ; from the bitter solution, winch decolorises indigo, water separates 
nitric oxide gas, but does not form any precipitate even on addition of 
potash. At a higher temperature, the solution of nitrosaccharose in 
oil of vitriol gives off red vapours (Schbnbcin). — 4. Nitric acid of 
sp. gr. 1*5 dissolves nitrosaccharose at 24° in all proportions, and the 
solution, which is precipitable by water, gives oh hyponitric acid when 
heated, losing* at the same time its bitter taste, and being then no 
longer precipitable by water (Schonbein). — 5. When a solution of 
nitrosaccharose in ether-alcohol is boiled for several hours with an 
aqueous solution of bisulphite of ammonia completely saturated with 
sulphurous acid, the nitrosaccharose is completely decomposed, yielding 
carbonic acid, water, nitrous acid, and probably ammonia (Knop). — 
6. Potash-ley does not attack nitrosaccharose in the cold, but dissolves 
it with brown-red colour at a moderate heat. The solution is nearly 
decolorised by acids, and leaves a detonating* residue when evaporated. 
See also Thompson's method of preparing nitrosaccharose (p. 294). Nitrosaccharose 
heated with sticks of potash, froths up, blackens, and then takes fire 
(Schonbein). — 7. A mixture of the ether-alcoholic solution of nitro- 
saccharose with excess of ammoniacal cuprous chloride gives off a small 
quantity of gas when left to stand in sunshine, and decomposes when 
heated, like that with sulphite of ammonia above-mentioned (Knop). 

Nitrosaccharose is insoluble in cold water, but melts to an oil in 
boiling water, and slowly dissolves. On cooling, the dissolved part 
separates out (Schonbein, Keinsch). The solution gives the reactions 
of nitrites. (Schonbein). 

It dissolves freely in alcohol , ether , and fixed oils . The alcoholic 
solution, when left to evaporate (or cooled), deposits crystals, according 
to Reinsch; none, according to Yohl (A nn. Pharm. 70, 360); a mass 
resembling turpentine, according to Schonbein and Thompson. The 
ether-alcoholic solution in certain proportions forms two non-miscible 
liquids (Knop). 


Melitose. 

0*H*0» or C 12 H ll 0 u . 


J. Johnston. Mm . Chem. /She. 1, 159; Phil Mag . /. 23, 14; J. pr . 
Chem. 29, 485. 

Bekthelot. N Ann. Chin. Phys. 46, 66 ; Compt . rend. 41, 392; J. pr. 
Chem. 67, 230 ; Chem. Centr. 1855, 699. CMm. Organ. Paris, 1860, 
2, 260. 


First recognised as a distinct substance by Johnston ; further examined by Berth el ot 
—Occurs in manna from Van Pieman’s Land, where the manna falls in 
opaque drops from various species of Eucalyptus. 

Preparation. Crystallises by evaporation from the aqueous solu- 
tion of manna, and separates abundantly on cooling' from the hot 
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saturated alcoholic solution (Johnston). Berthelot purifies the 
aqueous solution with animal charcoal. 

Properties . Hydrated melitose is obtained from the alcoholic solu- 
tion 'in beautiful white, small, but well developed, crystals (Johnston); 
from water in thin microscopic interlaced needles (Berthelot). Tastes 
rather sweet. Dextro-rotatory power \cC\j = 102° for G^BTO 11 , = 88° 
for (Berthelot). At 100° it gives off 2 at. and at 130° 

another 1 at. water, emitting at the same time a peculiar odour, and, 
being converted into anhydrous melitose, a pale yellow mass resembling 
barley-sugar (Berthelot). Melitose, C 2i H 28 0 28 , crystallised from alcohol 
melts when quickly heated from 94° to 100°, giving off 11*23 p. c. 
= 5 at. water (by calculation 11*36 p. c.) ; when slowly heated to 
82° it yields in three hours 15*88 p. c. = 7 at. water (by calculation 
15*9 p. c.), without melting. Melitose fused at 100° scarcely decreases 
in weight at this temperature, and does not give up its 7 at. water 
completely till it is heated to 115° — 121°, turning brown at the same 
time, from incipient decomposition, before the whole of the water is 
given off. If the 7 at. water are given off at a temperature not 
exceeding 93°, the anhydrous melitose remains in the form of a dry 
powder which begins to melt at 138°, and may be kept for several 
hours at 149° without turning brown or giving off water. It then 
absorbs moisture greedily from the air, and is converted into a syrup 
which gradually hardens to a colourless crystalline mass of the same 
weight as the crystallised melitose (Johnston). 



at 100° 


Berthelot. 

24 C 

144 .. 

.. 40*00 .. 

39-6 

22 II 

22 .. 

.. 6-11 .. 

6*2 

22 O 

176 .. 

.. 4S-S9 .. 

50-6 

2 HO 

18 

.. 5-00 .. 

....... 3*6 

C^HTO^HO .. 

360 .. 

.. 100*00 .. 

100-0 


According to Johnston, dried melitose =C 24 H 21 0 21 . Yid. sup. 

Decompositions. 1. When strongly heated, it emits an odour of caramel 
becomes carbonised, and burns away without residue. (Berthelot.) — - 
2. When cautiously heated with moderately dilute nitric add , it 
first foi*ms a syrup, then a small quantity of mucic acid, and a larger 
quantity of oxalic acid. — 3. Fuming hydrochloric acid at 100°, converts 
melitose in two hours into a black insoluble mass. — 4. Melitose heated 
with dilute sulphuric acid , is resolved into equal parts of fermentable 
sugar and non-fermentable eucalin : 

C 24 H 22023 + 2HO = C 13 H 12 0 12 + OTBPS0 B f 

its rotatory power diminishing at the same time to about f of the 
original amount (Berthelot). The sugar is uncrystallisable, and behaves 
with alkalis, copper-solution, and in respect of its rotatory power, like 
grape-sugar. (Berthelot). — 5. Melitose ferments with yeast, yielding 
about half as much alcohol and carbonic acid (22*2 p. c.) as grape-sugar, 
together with non-fermentable encalin : 

£24 H ?>o- 2 + 2HO = 4C0 2 + 2C 4 H 6 0 2 + C^H^O 13 (Berthelot). 
Melitose is not altered by boiling with aqueous alkalis, by heating to 
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100° with hydrate of baryta and a small quantity of water, or by 
boiling with potassio -cupric tartrate , (Bcrtheldt.) 

Melitose dissolves in water to about the same amount as mannite. 
The concentrated solution is not precipitated by alcohol. It forms a 
' brownish precipitate with baryta-water , white with ammoniacal sugar of 
lead. (Johnston.) When melitose moistened with water is heated to 149 ° 
with oxide of lead, it gives off only 2 at. more water than when heated 
by itself, and is not further decomposed. The mass absorbs water 
greedily on cooling. When boiled with water, it yields a filtrate 
containing melitose, but no lead. (Johnston.) — It dissolves in boiling 
alcohol more abundantly than mannite. 


Appendix to Melitose . 

Eucalin. 

C^H 24 0 24 or C 12 TI 12 0 12 . 


Berthelot. N. Ann . Chim. Phys . 46, 72 ; Chim. organ . Paris 1860, 
2, 250. 

Formation . See 297. The liquid which remains after the com- 
plete fermentation of melitose is mixed with 4 or 5 vol. alcohol, and 
the filtrate is evaporated. 

Slightly sweet syrup which retains 2 at. water in vacuo, and gives 
it up at 100°. Dextro-rotatory power about [oc]j = 63°. 



at 100°. 


Berthelot. 

12C 

72 

40-00 

39*5 

12 H 

12 .. 

.. 6-67 

6-5 

12 O 

96 .. 

.. 53-33 .. 

54-0 

C12H12Q12 ... 

180 .. 

.. 100-00 .. 

100-0 


Becomes coloured at 100°, and changes at 200° to a black insoluble 
mass. — With nitric acid it forms oxalic acid. — By oil of vitriol or 
fuming nitric acid at 100°, it is converted into humous substance. — Dilute, 
sulphuric acid does not form any fermentable substance from eucalin. — 
Eucalin becomes coloured when heated with baryta . — It docs not 
reduce 'potasdo-cupric tartrate . It is not fermentable. 


Melezitose. 

QnjggiQii or C^R 22 0 22 . 


Bonastre. J. . Pharm. 19, 443 and 626 ; abstr. Ann. Pharm . 10, 387. 
Berthelot. W. Ann. Chim. Phys. 46, 86. — Compt. rend . 47, 224 ; 
J. pr. Chem. 76, 188; Ann. Pharm. 108, 120; Chem. Centr. 1858, 
673 ; Rep. Chim. pure, 1 , 42 and 389. In detail JSf. Ami. Chim . 
Phys. 55, 282; abstr. Fopp’s Jahresber. 1858, 488. — Chim. organ . 
2, 266. 
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Discovered in the manna of Briar^on, and recognised as a peculiar 
substance by Bonastre ; investigated by Berthelot. — The manna of 
Briancon forms on young larches ( Pinus Lavix ), also and more abun- 
dantly on the young twigs of old trees in hot dry summers. (Chancel, 
J. Pharm. 8, 855.) Respecting other exudates from various species of Pinue, see 
Mannite. 

The extract of Briancon manna prepared with boiling alcohol de- 
posits melezitose after being evaporated to a syrup, and left to stand 
for several weeks ; the product may be purified by recrystallisation 
from boding alcohol. (Berthelot.) 

Properties. Very small, short, hard, shining crystals, resembling 
those of cane-sugar iinder the microscope, white and mealy when seen 
in mass ; effloresces readily when exposed to the air, and gives off 
4 p. c. of water when heated. Melts below 140° without further 
alteration, and solidifies to a glass on cooling. About as sweet as 
glucose. Dextro-rotatory power [cc]j — 94*1° for C 12 H n 0 11 . (Berthelot.) 

afllO 0 . Berthelot. 

12 C 72 .... 42-10 42'2 

11 LI 11 .... 6-43 6*6 

11 O 88 .... 51*47 51*2 

C 12 H ll Q u 171 .... 100*00 100-00 

Decompositions. Decomposed at about 200°. — Carbonises with cold oil 
of vitriol, quickly turns brown with boiling' hydrochloric acid , and forms 
oxalic acid with nitric acid.—Qy an hour’s boiling with dilute sulphuric 
acid , it is converted into glucose, more rapidly therefore than trehalose, 
but in longer time than is required for the inversion of cane-sugar.— In 
contact with yeast, it passes slowly or sometimes not at all, into vinous 
fermentation. It is not altered at 100° by aqueous alkalis, and scarcely 
by potassio -cupric tartrate. (Berthelot.) 

Melezitose dissolves readily in ivater, and is precipitated by ammo - 
niacal sugar of lead . (Berthelot.) — It is nearly insoluble in cold, slightly 
soluble in boiling alcohol, quite insoluble in ether. Absolute alcohol 
precipitates it from the aqueous solution. (Berthelot.) 


Trehalose. 

C 2i !PO' 2 or C 12 H ll 0 u . 

Berthelot. Compt. rend. 46, 1276; Inst. 1858, 213; J.pr, Chem . 74, 
291; Ann. Pharm. 108, 118; Pep. GMrn. pure, 1, 389; Chem. Cmtr. 
1858, 543. — Compt , rend. 47, 202; J.pr. Chem. 77, 1 ; Ann. 
Pharm . 109, 34. The two Memoirs in detail : N. Ann . GMrn. Phys. 
55, 272 and 291 ; abstr. Kopp's Jahresber. 1858, 486. — Ghim. 
organ . Paris 2, 263. 

Occurs in the Trehala manna of Syria. See Gmbourfc {N. /. Pharm. 34, 
81 ; Compt rend. 46, 1213) j Hanbury (A. Repert. 8, 535). 
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Preparation . When pulverised trehala manna is treated with boil- 
ing' alcohol, trehalose sometimes crystallises from the extract on 
cooling-, sometimes not till after dilution and several days’ repose. It 
is purified by washing with cold alcohol, boiling with small quantities 
of alcohol, and repeated crystallisation from boiling alcohol with help 
of animal charcoal. 

Properties. Hard shining crystals, which grate between the teeth. 
They belong to the right prismatic system (Fig. 73). Rhombic prism 
u, whose obtuse angle = 111° 15' to 111 0 40' ; bevelled above by the 
horizontal prism i. Inclination of i : i above = 115° 41' to 116° 11' 
(Rerthelot). Not quite so sweet as cane-sugar. Air-dried trehalose 
heated to 97° loses 9*7 p. c. water, and at 160° neither gives off any 
more water nor melts- (calculation for C 12 H n O u ,2HO = 9*5 p. c. HO). 
When rapidly healed to 100°, it melts to a colourless glass which 
solidifies like cane-sugar on cooling. Dextro-rotatory power, 
jVj j = 220° for C 12 H ll O u , = 199° for C»H ll 0 l \2H0 : scarcely altered 
by heat, and nearly as great in the recently prepared solution as in 
one which has been kept for 24 hours. 


12 C 

13 H 

13 0 

Crystals, 

72 ... 

13 ... 

104 .. 

.. 38*09 .. 
.. 6-88 
.. 55*03 

Bertlielot. 

38*2 

6*6 

55*2 

C 12 H u O n ,2HO . 

189 .. 

.. 100*00 .. 

100*0 


Dried. 


Berthelot. 

12 C 

’ 72 ... 

.. 42*10 .. 

41*9 

11 H 

11 .. 

.. 6*43 . 

6*6 

110 

88 .. 

.. 51*47 . 

51*5 

C^H^O 11 

171 .. 

.. 100*00 . 

100*0 


Differs from Mitscherlich’s mycose (p. 301) only by its greater rotatory power 
(Berthelot). More recently ( Chim . organ. 2, 263), Bertlielot regards the two bodies 
as identical. 

Decompositions. 1. Only partially decomposed between 181° and 
200° ; carbonises when heated above 200°, giving off water, gases and 
an odour of caramel. — 2. Heated in contact with the air, it burns 
with a reddish flame, — 3. Heated with nitric acid , it yields oxalic, but 
no mucic acid. — 4. It is carbonised by heating with oil of vitriol , more 
slowly with fuming hydrochloric acid. — 5. By boiling for several hours 
with dilute sulphuric acid , it is converted into] dextro-glucoso. The 
transformation takes place much more slowly than the inversion of 
cane-sugar by acids ; if the boiling be continued after it is complete 
(after 5 hours) the liquid becomes coloured. — 6. Trehalose heated 
with acetic, butyric , or benzoic acid, forms, under the same circumstances 
as dextro-glueose, saccharides, which are undistinguishablo from those 
formed by dextro-glueose itself. — 7. In contact with yeast , it slowly 
and partially undergoes vinous fermentation. It is not altered at 100° 
by potash-ley, baryta- water or potassio-cupric tartrate. 

' Trehalose is very soluble in water, and crystallises from the 
aqueous solution evaporated to a syrup only after standing for some 
time. From the concentrated solution it is precipitated by ammoniacal 
sugar of lead. It is nearly insoluble in cold alcohol, but dissolves 
easily in boiling alcohol-, insoluble in’ ether. 
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Mycose. 

C 24 H 22 0 22 or C 12 H n O n . 


Wiggers (1833). Ann. Pham, 1, 129 ; Schw, 64, 170. 

Mitscherlich. JBerl. Alcad. Ber. 1857, 469 ; J. pr. Chern , 73, 65 ; 

abstr. Ann. Pharm . 106, 15 ; Ohm, Centr. 1858, 93 ; Pf. Ann. Chim. 

Phys. 53, 232 ; Chem. Gaz , 1858, 123 ; N. Cimento , 7, 272 ; Kopfs 

Jahresber . 1857, 501. 

Ergot- sugar , Muiterkomzucker. — Discovered by Wiggers, investigated by Mitscher- 
lich. Liebig & Pelouze (Ann. Pharm. 19, 285) regarded mycose as identical with 
mannite. — It is perhaps identical with Berthelot’s trehalose (p. 299). The mushroom - 
sugar ( Sucre des Champignons , Schwammzucker) , discovered by Braconnot, which, 
according to him, is found in Agaricus piper atus and A. volvacius, Boletus juglandis, 
Peziza nigra , Merulius Cantharellus, Phallus impudicus , and abundantly in Bydmm 
repandum and H. hyhridum, is fermentable, crystallises easily in four-sided prisms, and 
is less sweet than cane-sugar. It has generally been regarded as mannite, since Liebig 
& Pelou 2 e (Ann. Pharm. 19, 283), Knop & Schnedermann (Ann. Pharm. 49, 243), and 
Boliey (Ann. Pharm. 86, 44) demonstrated the general diffusion of mannite in fungi. 
As, however, Braconnot distinctly states that his mushroom -sugar is fermentable, and, 
on the other hand, Mitscherlich once found mannite in ergot of rye (another time he 
found neither mannite nor mycose), it is possible that a peculiar sugar may sometimes 
be present in fungi.~On the other hand, Vauquelin’s sugar from Agaricus theogalus 
and A. campestris (Ann. Chim. 85, 5; Schw. 12, 253), Schrader's sugar from Hel- 
vetia mitra (Schw. 33, 393), and Blitz’s fungus-sugar (Pih-zucker) from the husk of 
Lycoperdon cervimm, which, in the third edition of this Handbook, was regarded as 
mushroom- sugar, may with great probability be regarded as identical with mannite, 
Braconnot's Mucoso-sucre {Ann, Chim. 80, 273) from Boletus pseudo -igniarius does 
not appear to be a distinct substance (Kr). 

Occurrence. In ergot of rye (Wiggers). Sometimes crystallises 
from the officinal extract (Kloboch, N. Br . Arch. 75, 135 ; 80, 13). 

Preparation . The aqueous extract of pulverised ergot of rye is pre- 
cipitated with basic acetate of lead ; the excess of lead is removed from 
the filtrate by sulphuretted hydrogen ; the filtered liquid is evaporated 
to a syrup ; and the crystals which separate after a while are purified 
by washing with alcohol and recrystallisation from water (Mitscherlich). 
2 kil. yielded 2 grm. mycose. 

Propei'ties. Hydrated mycose forms colourless transparent crystals of 
the right prismatic system, which separate from water with curved 
faces, from weak alcohol with plane highly lustrous faces. The 
dominant form is a rhombic prism (Fig. 73) of 110° 6' having its acute 
lateral edges bevelled by a rhombic prism which would form an angle of 
108° 50' at the truncated edge ; faces t and m subordinate. The 
prism is bevelled by the horizontal prism i ; i : i above = 160° 32'; 
faces of the octahedron and the horizontal prism y subordinate 
(Mitscherlich). 

Tastes sweet. Inodorous. Neutral — Dextro-rotatory power for 
C 12 H u O n ,2HO, \_oi\j — 173° 2" (Mitscherlich). Such is the value of [«], cal- 
culated according to Mitscherlxch's statement, that 10*03 grms. of crystallised mycose 
produce a deflection of 34*75° ; from Mitscherlich's second statement (in the Memoir 
above referred to), that mycose deflects times as strongly as cane-sugar, the value 
of [a] should be 192*5°, therefor^ nearly as great as for trehalose (p. 299). 
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Mycose melts at 100° to a transparent mass, "which on cooling 
solidifies first in the vitreous, afterwards in the crystalline form. 
Heated to 130°, it gives off 9*62 p. c. water (2 at. = 9*53 p. c.), and 
is converted into anhydrous mycose, which melts at 210° without 
further loss. (Mitscherlich.) 

Mitscherlicb, 

12 C 72 .... 38*09 38*37 

13 H 13 .... 6*88 6*87 

13 Q 104 .... 55*03 54*76 

C 12 H 11 0 11 ,2H0 189 .... 100*00 100*00 

Tor Liebig & Pelouze’s analysis, see Ann. Pharm . 19, 285. 

Decompositions. 1. Mycose when heated above 200° turns brown 
and gives off an odour of caramel, but, if then treated with water, crys- 
tallises partly unaltered. — 2. At higher temperatures and in contact 
with the air, it burns and leaves a spongy charcoal. — 3. Nitric acid of 
sp. gr. 1*52 dissolves it with slight evolution of heat, forming a solu- 
tion from which water precipitates a gummy mass, soluble in alcohol 
and ether, insoluble in water, melting* when heated and detonating 
with faint appearance of fire. (Mitscherlich.) By heating with ordi- 
nary nitric acid, it is converted into oxalic acid. (Wiggers, Mitscher- 
lich.) — 4. It dissolves without decomposition in common and in 
fuming oil of vitriol , and turns brown when the solution is heated. — 
Dilute sulphuric acid boiled for some time with mycose converts it into 
dextro-glucose. — 5. The dark-blue solution produced by mixing cupric 
sulphate and potash-ley with mycose, deposits mere traces of cuprous 
oxide or none at all, even after prolonged boiling. (Mitscherlich.) 
Neither does any reduction to cuprous oxide take place on boiling 
mycose with cupric acetate. (Neubauer, N. Br. Arch. 72, 277 ; 
Kloboch.) — 6 . According to Neubauer, mycose is fermentable . 

Mycose dissolves easily in water. (Wiggers.) A solution con- 
taining 50 p. c. mycose does not crystallise on cooling. (Mitscherlich.) 
— It is not altered by aqueous alkalis (Wig*gers) even after several 
hours’ boiling. Not precipitable by baryta - or lime-water (Mitscherlich), 
by metallic salts , or infusion of galls. (Wiggers.) 

It dissolves in more than 100 pts. of boiling alcohol and crystal- 
lises on cooling. It is insoluble in ether. (Mitscherlich.) 


Baccharo'idal Substances C 12 II 10 O w . 

Indiglucin. 

QI2JPQ12. 

£. ScHtJNCK. Phil. Mag. [4], 10, 73 ; abstr. J. pr. Chem. 66 , 321 ; Chem. 
Cenir . 1856, 50; Kopjfs Jahresber. 1858, 659. — Phil. Mag. [4], 
15, 183 ; abstr. J.pr. Chem. 74, 174; Kopp's Jahresber. 1858, 465. 

Formation. Indican decomposes, when heated in the state of 
Aqueous solution, or with dilute acids or aqueous alkalis, into indiglucin 
and other products. Similar products are yielded by indicanin, oxindi- 
canin and oxindicasin. (See Indican.) 
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Preparation. 1, Tincture of woad-leaves, prepared with cold alco- 
hol, is evaporated in a current- of air ; the residue is mixed with cold, 
very dilute sulphuric acid, and the fat which falls to the bottom is 
immediately separated by filtration. The filtrate serves instead of the 
aqueous solution of indican mixed with acids. The decomposition, 
which begins in the cold, is kept up by gentle heating, whereupon the 
solution becomes turbid, and a mixture of six insoluble substances 
separates (see Indican) : the liquid is then filtered, the residue washed 
with cold water, and decomposed in the manner described under 
Indican. The filtrate, freed from sulphuric acid by carbonate of lead, 
and from lead by sulphuric acid, evaporated to a syrup in a stream of 
air, dissolved in alcohol, and mixed with a large quantity of ether, 
deposits leucine in crystals, and indiglncin as a syrup. The latter, 
after the removal of the crystals, is dissolved in water, the solution 
mixed with acetate of lead, the scanty precipitate removed, and the 
yellow lead-compound of indiglucin is precipitated from the filtrate bv 
aqueous ammonia. The lead-salt decomposed by hydrosulphuric 
acid under water, treated with animal charcoal till a sample gives a 
white precipitate with ammoniacal sugar of lead, yields a solution 
from which, by evaporation, solution of the residue in alcohol, and 
addition of ether, the indiglucin is precipitated in the form of a syrup. 
2. In the preparation of indicanin from indican, by mixing the latter 
with baryta-water and leaving it at rest, then removing the baryta, 
evaporating the filtrate in a current of air, dissolving the residue in 
alcohol, and precipitating by ether, indiglucin is separated as a syrup. 
This syrup is dissolved in alcohol, mixed with excess of alcoholic 
sugar of lead, the brown precipitate removed, and the solution preci- 
pitated with ammonia. The lead-compound of indiglucin is purified 
and decomposed as in method 1. 

Colourless or light-yellow syrup having a slightly sweet taste. 

Decompositions. I. Swells up when heated and gives off an odour 
of caramel. — 2. With boiling nitric acid, it forms oxalic acid. — 3. With 
oil of vitriol, it becomes carbonised. — 4. When boiled with soda-ley , it 
turns yellow and separates brown flocks. — 5. From an alkaline cupric 
solution it reduces cuprous oxide ; from an aqueous and still more from 
an ammoniacal solution of nitrate of silver , it reduces metallic silver ; 
similarly with terchloride of gold. — G. It is not fermentable, but turns 
acid by prolonged contact with yeast. 

Aqueous indiglucin dissolves hydrate of lime , and the solution on 
boiling deposits copious yellow flakes which dissolve . on cooling and 
are precipitated by alcohol. — From a mixture of indiglucin with 
baryta-water , alcohol throws down yellow flakes. 

Lead-compound. Aqueous indiglucin is precipitated by neutral or 
basic acetate of lead, only after addition of ammonia. 

Seiran ck. 
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i. Prepared with, bary ta- water ; in this product the composition of the organic 
substance after deduction of the lead-oxide, corresponds to the formula 
(Scbunck.) 

Indiglucin dissolves in alcohol and is precipitated by ether. 


Carlo -hydrates C 12 I~]? 2 0 12 . 

Dextro-glueose. 

C 13 H 12 O w . 


Lorn tz. Crell. Ann. 1792, 1, 218 and 345. 

Thenard & Dupuytren. N. Geld. 2, 195. 

Oeuikshank. Hollo <l On Diabetes mellitus.” Loud. 1797. 

Peoust. J. Phys. 03, 257; 69,428. — Ann. Chim . 57, 131 and 225 
N. Gehl 2, 77. 

A. Yogel. Schw. 5, 80 ; GUI. 42, 123. 

Kibchhoff. Schw. 14, 389. 

Satjssure. Ann. Chim . Phys. 11, 381 ; Schw . 27, 304. 

Beaconnot. Ann. Chim . Phys. 12, 181 ; Schw. 27, 337. 

Bubrunfaut (1823). Ann. Chim. Phys. 53, 73, — Compt. rend. 23, 38; 
JV. Ann. Chim. Phys. 18, 99. — N. Aim. Chim. Phys. 21, 109 ; J. pr. 
Ckem . 42, 418; abstr. Pharm. Cmtr. 1847,889. — N. Ann. Chim * 
Phys. 21, 178; J. pr. Chem. 42, 425; abstr. Compt rend. 25, 308 ; 
Pharm. Centr. 1848, 10. — Compt. rend. 29, 51 ; Pharm . Centr. 1849, 
643. — Compt. rend. 32, 249 ; Pharm. Centr. 1851, 278 ; Dingl. 121, 
299 (Estimation of Glucose). — Compt . rend. 42, 228; J. pr. Chem. 
68, 422 ; Chem. Centr. 1856, 233. — Compt. rend. 42, 739. — Compt. 
mid. 42, 901 ; J.pr. Chem. 69, 438. 

Guerin- Yarby. Ann. Chim. Phys . 60, 54. 

Peligot. Ann. Chim. Phys. 67, 136 ; J.pr. Chem . 15, 82; A 7 ". Br.Arch. 
15, 227. Preliminary notice, Compt. rend. 7, 106; Ann. Pharm . 
23, 169 ; J. pr. Chem. 12, 425; 13, 378; Inst. 1839, 237; Berg. 
Jahresb. 18, 279. 

Ventzke. J. pr. Chem. 25, 74. 

Soubeiran. N. J , Pharm . 1, 1 ; J. pr. Chem. 27, 281. — N. J. Pharm . 
4, 347. — N. J . Pharm . 9, 327. — Compt. rend. 28, ,775 ; in detail, 
N. J. Pharm . 16, 252 ; J. pr. Chem. 49. 65. 

Berthelot. Combinations with Acids : Compt . rend. 41, 452 ; J. pr * Chem. 
67, 235; in detail: AT. Ann. Chim. Phys. 60, 95 ; abstr. Rep. Chim. pure, 
2, 427. — Combinations with Tartaric and Citric acids : Compt. rend . 
45, 268; jY. J. Pharm. 33, 95 : J. pm. Glrni. 73, 157 ; Chem. Qaz. 
1857, 441 ; in detail : A 7 ". Ann. Chim. Phys . 54, 74. — Fermentation 
with Chalk and Cheese: Compt rend. 43, 238; A 7 . J Pharm. 30, 
269; J.pr. Chem . 69, 454; Chem. Centr. 1856, 749; in detail: 
N. Ann. Chim , Phys. 50, 322. — Formation from Mannite and Gly- 
cerin : Compt. rend. 44, 1002 ; AT. J. Pharm. 31, 432 ; J. pr. Chem. 
71, 507 ; in detail : A7. Ann. Chim. Phys . 50, 369. — Chimie organique 
fmdee sur la synthese , Paris, 1860, tom. 2. 

E. Bruoke- Sugar in Urine : Wien. Alcad. Per. 28, 568; J. 'pr. Chem* 
74, 108. — Wien. Alcad* Per. 29, 346 ; J.pr. Chem. 74, 115 ; Chem. 
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Centr. 1858, 705 ; Hep. Clam, pure, 1, 47. — Wien. Ahad . Ber. 39 , 

10 ; Chem. Centr. I860, 231 ; Bep. Glum, pure , 2, 219. 

Buignet. N. Ann. Ghim. JPhys. 61, 238. 

0- ScmnDT. JDissertat . uber Traubenzuclar , g-c. Gottingen, 1861. 

Glucose , Ordinary Glucose ; KrwnelzucJcer , and according to its origin ; Grape - 
sugar. Fruit-sugar, Honey-sugar, Starch-siigar, Diabetic sugar , Sugar of urine t Chest- 
nut-sugar, Fag-sugar , some of which names are also used to denote glucose in general. 

* — Recognised as a distinct substance by Lowitz and Proust ; first prepared from starch 
by Kirchhoff, from linen by Braconnot. Its combinations with bases have been inves- 
tigated chiefly by Peligot j those with organic acids by Berthelofc. Our knowledge of 
glucose has been further extended by Dubrunfaut, who has eliminated much that does 
not properly belong to it, and more exactly characterised its properties. 

Sources. Impressions of ferns from tlie clay-slate of Petit-coeur, in 
Savoy, contain a sweet substance, which smells like caramel when 
burnt on charcoal, and perhaps consists of glucose. (Calloud, Gompt . 
rend. 33, 544.) — On the alleged occurrence of sugar or dextrin in vegetable mould, 
see Verdeil & Easier (Coinpt. rend . 35, 97, and Petxhold’s counter-statement, J. pr. 
Chem. 60, 368.) 

In the Vegetable Kingdom . Abundantly in sweet fruits, frequently 
together with cane-sugar, and always with such a quantity of kevo- 
rotatory fruit-sugar that the mixture may be regarded as inverse 
sugar (i. e., as produced by tlie decomposition of cane-sugar, p. 254) 
(Buignet, see page 239 J). — The isolated occurrence of dextro-glucose 
has been observed only in the following* cases : 

A thick viscid liquid which, in the summer of 1842, covered the 
upper surface of the leaves of lime-trees, and at certain times of the 
day fell down like rain, contained cane-sugar and dextro-glucose. 
(Biot, N. Ann. CJiim. Phjs. 7, 337 ; Langlois, IF. Ann . Ghim. Phys. 
7, 348.) — Dextro-glucose is contained in the manna of the ash- tree ; 
a false manna, of unknown origin, was found to contain a peculiar sugar 
not invertible by acids, and having a molecular rotatory power equal 
to f of that of cane-sugar ; perhaps maltose (Biot, Gompt. rend. 14, 49 ; 
J . pr. Chem. 27, 60). Whether the sugar occurring in many other 
parts of plants should be considered as dextro-glucose, is not yet 
decided. According to Buignet’s researches (p. 240), cane-sugar and 
inverse-sugar (which may be regarded as a peculiar substance, at 
least with reference to its origin), appear to be the most widely 
diffused, and the imperfectly investigated granular sugar (Krumelzucher) 
of many chemists, appears to be inverse sugar formed either in the 
plant, or during the process to which it is subjected for the extraction 
of the sugar. (Kr.J 

In Honey. This substance contains cane-sugar (which is gradually in- 
verted by keeping) 5 inverse sugar and an excess of dextro-glucose 
(Dubrunfaut, Gompt. rend . 29, 51); comp. Soubeiran (IF. I. Pliarm. 16, 
252) and page 240 of this volume. 

In the Animal body . In many animal liquids and tissues ; in the liver 
( Handbuch viii, Zoochem. 65), in the amniotic and allantoic liquids (ibid. 
424) in the blood (ibid. 171 and 195), in the chyle (ibid. 221), in the trans- 
sudates (ibid. 241), in the yolk and white of hens’ eggs (ibid. 284 and 
285),— -In large quantity, to the amount of 8 or 10 per cent., in diabetle 
urine (ibid. 384), in small quantity also in the urine of healthy men 
(Briicke ; Bence Jones, Chem. See. Qu. J. 14, 22 ; N. Ann . Ghim. Phys. 

VOL. XT. X 
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62, 244 ; 05, 125). The urine of a fox fed exclusively on meat contained 
glucose. (Yintsehgau, Wien, Alrtd. Per. 42, 523.) Conjugated com- 
pounds of glucose are likewise found in the animal body. ( See Glucoside s.) 

Formation. Of dextro-glucose and fermentable sugars in general isomeric there- 
with, in so far as they cannot with certainty be referred to other species. — A. By the 
transformation of Carbo-hydrates with assumption of Water. 1. Glucosan 
(C 13 H 10 0 10 ; vid. inf.) is converted into dextro-glucose by boiling with 
dilute acids (Gelis). Assamar prepared by heating cane-sugar (p. 249), 
dissolved in water and set aside for 1-J years in a closed vessel, reco- 
vered the sweet taste of sugar, still more in two years, probably from 
conversion into glucose (Pohl, J. pr. Qhem. 82, 148). Pohl's assamar 
doubtless contained glucosan. (Nicklhs, N. J. PTiarm. 39, 469.) 

2. Dextrin is converted into dextro-glucose by boiling with dilute 
acids. (Biot & Persoz.) Diastase acts in like manner, according to 
Payen & Persoz, and Guerin- Yarry; according to Museulns, it does not. 
See page 189, also on the intermediate products of the reaction, infra. 3. Under 
the same circumstances, soluble starch (p. 102) and common starch arc 
converted into dextro-glucose, after they have been previously con- 
verted wholly or partially into dextrin, or other intermediate products. 
Dextro-glucose is also formed from starch by continued boiling with 
water, by prolonged contact with glntin, saliva, or the nitrogenous and 
animal matters mentioned on page 91, and from sulphamidonie acid by 
heating its aqueous solution (p. 104). 

On the change which takes place in the conversion of starch into 
dextro-glucose, the following views have been proposed. 

a. According to Kirchhoff, the starch is directly converted into 
glucose. — b. According- to Biot & Persoz, when a mixture of 500 pts. 
starch, 120 pts. oil of vitriol, and 1,390 pts. water is heated to 
90° — 95° (under the circumstances mentioned at page 85), or till a 
clear solution is produced, dextrin is formed, which, when the tem- 
perature has risen a few degrees, is converted, with sudden diminution 
of the rotatory power of the solution, into a peculiar dextro-rotatory 
sugar, and by continued boiling, into dextro-glucose. With other 
proportions of water, acid, and starch, the same changes take place, 
but more or less quickly and at other temperatures. The first-formed 
sugar is, according to Dubrunfaut, maltose. The dextrin of Biot & 
Persoz, appears to have been a mixture of disorganised with, soluble 
starch, dextrin and dextro-glucose (or maltose), since it had a greater 
rotatory power than dextrin, less than soluble starch, viz. [a] j = 175*7°, 
was coloured purple by iodine, was fermentable (hence the statement of Biot & 
Persoz, p. 1S8, requires rectification), and when kept in aqueous solution de- 
posited a white powder, which Jacquclain (Ann. CMm. Phys. 73, 177) 
afterwards regarded as identical with his Granules de fecnle. The 
amount of sugar was previously ascertained by Guerin- Yarry (Ann. 
CMm . Phys. 56, 239 (Kr.). 

c. According to Payen A Persoz, who distinguish between the 
integuments of the starch-granules, amounting to J- p. c., and the con- 
tents, amounting to 99*5 p. c. (designating the latter as amidone ), 
diastase or malt heated with starch and water causes the contents of 
the granules to separate out, part of the substance remaining for a short 
time in the liquid without alteration, and being subsequently converted 
into dextrin and sugar, the diastase, however, not being able to pro- 
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duce any further alteration of the dextrin, even after the sugar has 
been removed. The amidone of Payen & Persoz appears to be identical 
with disorganised or soluble starch, but their dextrin is different from 
that of Biot & Persoz, inasmuch as it is not coloured by iodine (Ann. 
Ghim . Phjs. 53, 73 ; 56, 337). More recently, Payen states (Ann. 
Glum. Phys. 60, 442) that starch is completely converted into sugar by 
diastase, with the exception of the integuments. According to Mulder 
( Gkemie cles Bieres. 170) the dextrin produced by diastase is different 
from that which results from the action of acids, as appears also to 
follow from Guerin- Varry’s statements (Ann. Ghim. Phys. 60, 32), but 
both diastase and acids appear to produce successively the dextrin 
which is coloured purple-red by iodine and that which is not coloured. 
(Kr.) 

d. According to Jacquelain, -who likewise distinguishes in the 
starch-granule an envelope and a granular substance contained 
therein, the first effect of heating starch with water to 150°, is to 
separate these two constituents, the envelopes remaining undissolved, 
while the granular contents, J acquelain’s Grannies de fecule , dissolve. 
[The characteristic property of the granules de fecule is, that they 
separate out, for the most part, when the aqueous solution is left to 
cool, dissolve sparingly in cold water, but easily in water at 70°, are 
coloured blue by iodine, and are precipitated from their aqueous solu- 
tion by alcohol much more easily than dextrin. They appear therefore 
to be identical with Becliamp’s disorganised starch (p. 102)]. The granules 
de fecide, when further heated with 5 pts. water to 160° are con- 
verted in | hour into a- dextrin (which is coloured purple by iodine, and 
is more easily precipitated by alcohol than /3-dextrin), in If hour into 
/3-dextrin (not coloured by iodine), and by still further heating, into 
sugar. At higher temperatures, the same products are formed, but are 
more quickly converted into the last-mentioned compound. When starch 
is heated with an equal weight of water and from t -^-q to xfos °f oxalic 
acid, or oil of vitriol, to 130°, the mass, after 20 minutes, contains 
a-dextrm, after an hour, /3-dextrin, and after 2 hours, sugar. (Jacquelain, 
Ann. Ghim. Phys. 73, 167.) The sugar formed in tins reaction possesses, 
according to Biot (Compt. rend. 15, 619 and 710; 42, 351) a mole- 
cular rotatory power different from that of dextro-glucose, viz. [a]y = 
1.00* 6° to the right, because, according to Dubrunfaut, it is a mixture 
of maltose and dextro-glucose (see Maltose). 

e. According to JSTeubauer, dilute acids produce first Schulze’s 
amydnlin, from this a-dextrin, which is coloured purple-red by iodine, 
then /3-dextrin, not coloured by iodine, and, finally, after veiy long 
^oiling, a solution containing nothing but glucose. 

/ According to Bechamp, the formation of sugar from starch by dilute 
acids, is preceded — just as when diastase is the acting substance, — 
by the formation of three different products, whilst a fourth appears 
either before the sugar, or simultan eously with it. These products, 
some of which may be isolated by the use of aqueous alkalis or of con- 
centrated acids, are as follows : a. Disorganised starch, occurring in 
three forms, in one of which it constitute s Jacquelain’s granules de fecule, 
in another Bans sure’s Ligneux amylace ; — /3. Soluble starch (p. 102) 
which is coloured blue by iodine, dissolves in cold and in hot water and 
does not separate from the latter solution on cooling ; — 7. Dextrin , 
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which is not coloured .blue (but purple-red? Kr.) by iodine; — 
o. A variety of dextrin , Bechamp’s Amylvn , which is formed, either 
together with or before the sugar, often remains mixed with it, and has 
a dextro-rotatory power [a] / = 125°. (Bechamp, N. Ann. Ghvm. Phys. 
48, 458). The presence of Be'champ’s Amylin (or Jacquekin’s 
/j- dextrin) appears also to explain the observation made by Anthon 
(DingL 151, 213; Ghem . Gentr. 1859 , 291), that, by boiling starch with 
water and 2 p. c. oil of vitriol for 5 — 7 hours, a solution is obtained 
which is not coloured by iodine or precipitated by alcohol, but does not 
yield any crystals by evaporation, and ferments only to the amount of 
-| to f of its entire quantity. 

g. According to Musculus, dilute acids and diastase decompose 
starch into 2 at. dextrin and 1 at. dextro-glucose, the former being 
afterwards but slowly altered by dilute acids, and not at all by diastase. 
This does not agree with Guerin- Varry’s experiments (pp. 90 and 91), 
in which the quantity of sugar obtained was much larger than that 
which corresponds to the equation given by Musculus. Neubauer 
(iV. Br . Arch. 72, 285), appears to have converted starch completely 
into sugar by the action of diastase ; the quantity of product obtained 
in the brandy- distillery, shows that the sugar produced by the action 
of malt upon starch amounts to between 75 and 80 p. c. of the weight 
of the starch; and, finally, Guerin- Varry states distinctly (p. 188) that 
he converted dextrin into sugar by the action of diastase, not how- 
ever till the sugar first formed was removed. From this, as well from 
experiments of my own, the view proposed by Musculus appears to me to be unten- 
able (Kr.). 

Lastly, there are certain observations by Gentele (JDingL 158, 427 ; 
Ghem. Gentr. 1861, 91), which indicate the formation of another inter- 
mediate product : When starch is boiled with dilute acids till the mix- 
ture remains clear on cooling, the presence of glucose in it is shown by 
potassio-cupric tartrate, but not by red prussiate of potash mixed with 
caustic potash, which reagent is nevertheless decolorised by glucose. 

In the spontaneous decomposition of starch-paste, there is obtained, 
amongst other products, a sugar, which, according to Saussure, 
resembles grape-sugar, and according to Dubrunfaut, is maltose. 
When a paste prepared with 1 pt. starch and 12 pts. water is exposed 
to the air for two years in a shallow vessel, and the mass is then 
exhausted with cold water, undecomposed starch, woody starch 
(Saussure’s ligneux amylace) and a small quantity of resin remain un* 
dissolved, while amidin, starch-gum, and sugar pass into the solution. 
On evaporating the filtrate, dissolving the residue in 1 pt. of water, 
adding 10 pts. alcohol, evaporating again, and separating the remainder 
of the matter insoluble in alcohol, an alcoholic solution is obtained from 
which, after evaporation, the sugar crystallises. If the spontaneous 
decomposition of the starch-paste continues only a few weeks, sugar is 
likewise formed, hut of the uncrystalllsable kind; if the decomposition 
has proceeded too far, the crystallisable sugar also disappears. This 
crystallisable sugar dissolves in 8 pts. alcohol of 35° Bm. at 25°, and 
in 17 to 20 pts. of boiling absolute alcohol (Saussure, Ann. Ghim. PIm . 
11,879).- . 

4. Glycogen is converted into dextro-glucose under the same cir- 
cumstances as starch (p. 184). — 5. In like manner, lichenin (p. 121) 
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and paramylono (p. 122) are converted into glucose by boiling with 
acids. The rotatory power of the sugar has. not been ascertained in cither case. 

6. Cellulose treated with oil of vitriol (p. 13(1), concentrated hydro- 
chloric acid (p. 139), or a concentrated aqueous solution of chloride of 
zinc (p. 140), yields products which ai’e converted into glucose when 
their aqueous solution is boiled with water. — Glucose is likewise produced 
5a the decomposition of lignosulphate of lead (p. 1G5), and by the action of alkalis on 
pyroxylin (p. 178). But it is doubtful also whether this sugar should bo regarded as 
dextro-glucosc. According to Bechamp (IV*. Ann. C/iim. Phys. 48, 502), it yields, when 
treated with alcohol, two sorts of crystals, one sort having the hardness of cane-sugar, 
the others resembling dextro-glucose. 

The skin of the silk-worm and that which remains in the cocoons 
when the butterflies escape, are capable of yielding a substance isomeric 
with cellulose, which maybe converted into glucose. When the cater- 
pillars are boiled for several hours with strong hydrochloric acid, and 
this treatment is repeated three times with the residue, and this residue 
is washed with strong potash-ley, then with water, and dried between 
100° and 110°, a white light 'substance nearly free from nitrogen is 
obtained, which gradually diffuses in oil of vitriol, forming a colourless 
gummy liquid. This solution added by small quantities to boiling 
water and boiled for an hour or two, yields fermentable sugar which 
reacts, like glucose, with common salt and potassio-cuprio tartrate (Do 
Luca, Corn]}},, rend. 33, 102). 

7. Tuniein (p. 182) is decomposed by oil of vitriol, under the same 
circumstances as cellulose, into dextro-glucosc and a second substance, 
(On the decomposition of Chitin, hoc Glucosidcs.) 

8. 'Maltose (p. 339), melezilose (p, 299), trehalose (p, 300) and myeosc 
(p. 301) are completely con verted into dextro-glucosc by boiling with 
dilute acids, 

B. Anot her class of compounds yield by their decomposi tion, cluxtro- 
gluooso and another product. This latter body is either isomeric with 
glucose: thus melitoso (p, 297) is resolved, by dilute acids, yeast, 
and other bodies, into dextro-glucose and oucaliu, — cane-sugar (p. 254), 
into dextro-glucose and Levo-glucosc (as to starch, dextrin, tmd tuniein, it is 
doubtful whether they belong to this or to the former class); or, it belongs to I ho 
class of non-saccharine bodies, in which case the compound which, 
yields this second product and dextro-glucosc, belongs to the class 
of Glucimles, 

To the Glue asides, Glueosamples, ox* Suecharnyens belong, according to Laurent* m 
classification (N. Ann. Chim. Phys. 30, 330), nil substances which, when decomposed 
by dilute acids, yield, on tbe one lmnd, dextro-glucose ot* another Hacelumm*. substance* 
cm the other, a product differing in diameter according to oireumstanocH, but not 
belonging to the enrbo- hydrates. Generally speaking only the naturally occurring com- 
pounds of this kind, the Hitter principles, are designated by this name. Berthelot'a 
Saccharides (p. 317) include, besides these, the artificially prepared compounds of the 
carbo-hydrates (with adds), and are divided, according as they yield by their decompo- 
sition, dextro-glucose, lievo-gluco.se, lactose, or other bodies of like nature, into 
ghucosides, lev ulo sides, gallactosides, &c. But since, in many cases, decisive experi- 
ments on the nature of the saccharine substance obtained ate wanting, Berth dot/s clas- 
sification cannot be completely earned out, and we shall therefore adhere to Laurent's. 
(Kr.) See the Conspectus of the Glucosides, in the Appendix io the Carbo-hydrates. 

0* In the decomposition of fluid to (0 W H U 0 1 *) by nitric add, Micro 
is formed, amongst other product, a sugar, 0 w H w 0 la , which, reacts 
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with alkalis, potassio-cupric tartrate, basic nitrate of bismuth, and 
indigo, in the same manner as dextro-glucosc. (Carlot, Compt. rend. 
51, 137.) — Respecting Gorup-Besanez' Manniiose , a sugar different from dextro- 
glucose produced by the oxidation of mannite (C 12 H H 0 12 ) under the influence of pla- 
tinum-black, see Mannite. 

D. From Oxalate of Ethyl, — When this compound is brought in 
contact with sodium-amalgam at low temperatures, and the product is 
agitated with ether, a solution is obtained from which a greasy mass 
separates on addition of water. This mass is a mixture of oxalate 
of soda, another soda-salt, and fermentable sugar. (Lowig, J. pr. 
Chem . 83, 133.) Whether this sugar should be regarded as dextro -glucose is at 
present undecided, (Kr.) 

E. From Mannite or Glycerin . — When a moderately concentrated 
aqueous solution of mannite, dulcite, or glycerin is left for some time 
in contact with the testicles of man, or of the horse, dog, or cook, a 
peculiar fermentable sugar is produced, the formation of which likewise 
takes place in certain cases, when instead of the testicle, albumin, 
casein, fibrin, gelatin, or the tissue of the kidneys or pancreas is 
employed. (Berthclot, N. Ann . Ghim. Fhjs . 50, 3 GO.) 

When to a solution of mannite or glycerin in 10 pts. water, there 
is added such a quantity of comminuted testicle, that its dried substance 
amounts to of the matmite, and the mixture, contained in an open 
flask, is exposed to diffused daylight between 10° and 20°, the liquid, 
after an interval varying' from a week to 3 months, is found to contain 
(without the occurrence of putrefaction, which, indeed, is incompatible with the success 
of the experiment) a substance which reduces cupric tartrate. The tes- 
ticular tissue, if separated at this time from the liquid by decantation 
and thorough washing, then again introduced, under similar circum- 
stances, into a solution of mannite or glycerin, produces therein, in 
the course of a few weeks, a considerable quantity of sugar. This 
sugar is formed, sometimes in extremely small, sometimes in larger 
quantity, amounting to T V of the mannite or glycerin, and is partly 
further altered during the operation. It is not formed by the sub- 
stance of the testicle, inasmuch as this substance is recovered, for the 
most part, unaltered, and gives up to the liquid, chiefly salt s and allm- 
minoidal substances, amounting to less than the weight; of the sugar. 
—The sugar is probably Imvo-rotatory. It is deliquescent, unorystal Us- 
able, and cannot be separated from the glycerin. It is apt to alter <1 uri »g 
the evaporation of its solution, is turned brown by alkalis, easily fer- 
mented by yeast, and reduces potassio-cupric tartrate. It is* very 
soluble m water, alcohol, and glycerin, and slightly prcoipitablo by 
ammoniacal sugar of lead. (Berthclot.) On the formation of sugar in. the 
muscles and lungs of the foetal calf, see Handbuch , viii, Zoochem. 480. 

Pectin, pectic acid, and pectous acid are converted into sugar, according to Chodnew, 
by boiling with dilute acids, a statement which is contradicted by Freni y. Apiin, 
according to Braconnot, exhibits a similar reaction ; according to Planta & Wallace, it 
does not. Bassorin (p. 208) and vegetable mucilage (p. 211), treated in like maimer, 
yield a sugar, which cannot with certainty be reckoned as belonging to this place. — The 
following substances were formerly erroneously regarded as dextro-glucose The inverse 
sugar produced by inversion of cane-sugar (p. 254),— the Ieevo - rotatory fruit-sugar 
produced from inulin, — lactose (p. 227),— the sugar, probably identical with lactose, 
produced from arabic acid,— and maltose. The observations of Biot (Campt. rend, 
15, 619 ; 15, 710 ; 42, 351), who found that the sugar which Jacquelain obtained by 
heating starch with oxalic acid (pp. 87, 307), also the sugar examined by Peligot, and the 
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dextro -glucose of the manufactories, exhibited different degrees of dextro-rotatory power 
(viz, [Vjy = 100'0°, 01-5°, and 51*4°), must for the present remain unexplained, so 
fur at least as the two latter products are concerned, 

Preparation. 1. From the juice of various l-md of fruit , especial/// 
of Grapes. The juice is boiled and skimmed; the free arid is neutral- 
ised with chalk or marble; and the liquid is concentrated to one-half, 
clarified by deposition and decantation, or further with white of egg, 
and evaporated to a syrup, not too thick. From this the grape- sugar 
separates after some weeks, and is purilied by repeated solution in 
water and crystallisation. 

2. From If one//. White granular honey is diffused in j >t. of cold strong 
alcohol, which dissolves the more soluble hevo-glueose and leaves the 
doxtro-glucoso for the most part undissolved ; the solution is separated 
from the sediment after a few hours; the sediment strongly pressed ; 
the residue again triturated with pt. alcohol; again pressed; and the 
undissolved portion is purified by solution in water and crystallisation. 
(Braconnot, Full. Fluirm. 3, 300.) A similar process is followed by 
Proust, also by Oavezzalli (Sc her. J. 7, 7M), and TrommsdoriT (N. Tr. 
9, 1,287). — 2. Sicglo spreads gran ular honey on dry porous bricks, 
whereby the liquid portion is absorbed, halving, after a few days, a 
granular residue, which is rocry stall ised from warm alcohol with help 
ol animal charcoal. {J./n\ (.'hem. (>!), 118.) The dextro- gl muse obtained 
by either of these processes must bo contaminated with cane-sugar, if the honey con- 
tained that substance. (Kr.) See also Clurgot (JV. PA arm. 10, 252). 

3. From Starch h/ the action of dilute Sulphuric acid. — 1 pi., of 
starch is boiled with 4 jots, water and a quantity of oil of vitriol, 
weighing from Y J T - to as much as the starch, the liquid being 
stirred and the water continually renewed till the liquid is no longer 
precipitated by alcohol. To bring it to this state, the boiling must bo 
continued for a longer time in proportion as less sulphuric add has been 
used; with the above proportions, from (> to 3<> hours’ boiling is 
required. The dertro-glueoso then contained in the solution is sepa- 
rated and purified in the same manner as that from grape-juice. 
(Kirchhoff.) In preparing starch-sugar on the large scale, tinsel ml- 
lition is produced by passing over-heated steam into the mixture con- 
tained in closed casks. — •When starch is boiled with water and 2 p. a 
oil of vitriol, the liquid lining evaporated after f> or 7 hours, at which 
time it is no longer precipitated by alcohol, an uncrystallisable syrup 
is obtained. It is only after longer boiling that I ho whole of the dis- 
solved matter is converted into do xtro-gl, noose, part of which moreover 
undergoes further alteration, so that the liquid does not easily yield 
crystals by evaporation. (Anihon, DhajL 151, 213.) After the sul- 
phuric acid has boon neutralised with (balk, a small quantity of acetic 
acid must be added before boiling the liquid, since an excess of lime 
leads to the formation of bitter products of decomposition (Poli/L Cmtr. 
1854, 252); see also Payen (Uepert 77, 280). Respecting the amount of product 
thus obtained, see page 85 of this volume. 

4. From Starch hj the action of Glutin, Malt , or Diastase. ■— The pro- 
duct thus obtained is perhaps not dextro -glucose, but maltose (p. 338) — 2 pads 
of starch well mixed by stirring with 4 pts. of cold water are diffused 
in 20 pts. of boiling water, and the paste thus formed is digested for 
eight hours at 50°— 70° with 1 pt. of dried and pulverised wheat- 
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glut-in. From the syrup obtained by evaporation, alcohol extracts the 
sugar, leaving the starch, which is still but slightly altered, and the 
solution yields the sugar by evaporation. 

100 pts. of starch is suspended in 400 pts. of cold water; the mix- 
ture is poured into 2,000 pts. of boiling water, and after the ■whole has 
cooled to 65°, 2 pts. of diastase dissolved in 20 pts. of cold water arc 
added. The mass, which in a few minutes becomes perfectly fluid, is 
kept for 2-| hours at a temperature between 00° and 65°, evaporated 
as quickly as possible at 60°, or better in vacuo, to 34° Bm., and left 
to itself for some days in shallow vessels. By treating the syrup, 
which is sometimes crystalline, with alcohol of 95 per cent, at a tem- 
perature of 75°, cooling the solution out of contact of air, filtering, 
reducing the filtrate to a syrup by distillation and concentration, 
and leaving the syrup to itself in vacuo, crystals are obtained which 
maybe purified by pressure, renewed treatment with alcohol, and, 
recrystallisation from 4 pts. water at 65°, with help of animal char- 
coal. (Guerin- V any. ) The diastase may bo economically replaced by 
18 times the quantity of malt. • (Guerin- Yarry.) 

5. From Linen. — See page 308. To 12 pts. of linen (purified as com- 
pletely as possibly by treatment first with potash-ley, then with water, 
and dried: Vogel) : 17 pts. oil of vitriol are very slowly added, so that 
no heating may take place; the mass is kneaded together, left to itself 
for 24 hours, then dissolved in a very large quantity of water ; the 
solution is boiled for 10 horns ; the acid is saturated with carbonate of 
lime ; the liquid is filtered and evaporated ; and the glucose which 
separates after some days is purified by recrystallisation. (Braconnot.) 
Vogel uses sulphuric acid of sp. gr. 1*8 (which blackens the linen less 
than strong oil of vitriol) and leaves the mass to itself for two clays. 

6. From the urine of diabetic patients. — The crystals obtained by 
evaporating* the urine are pressed (after being separated from the 
chloride-of-sodium compound of glucose) and purified by crystallisation 
from boiling alcohol (Chevroul), or by digestion with cold alcohol and 
subsequent recrystallisation. (Prout.) Addition of ether to the 
alcoholic solution favours the crystallisation. (Pcligot, Iltiiicfeld.) — 
The urine is evaporated to a syrup on the water-bath ; the residue 
exhausted with alcohol ; the tincture precipitated with basic acetate of 
lead; the lead separated from the filtrate by sulphuretted hydrogen, ? 
and the clear liquid evaporated to a syrup and allowed to stand till it 
deposits ciystals. (Hlincfeld, J . pr. Chon. 8, 5(50.) — Frequently 
nothing but crystals of the chloride-of-sodium compound of glucose arc 
obtained on evaporating diabetic urine. (Lehmann, Umulbuch viiL 
Zoochern. 568.) 


. Directions for the detection of Sugar in the urine. — 200 cc. urine arc 
mixed with 800 cc. alcohol, allowed to settle, and then filtered* 
akohohe potash is added drop by drop to the perfectly clear liquid, 
until it has acqmred a slightly alkaline reaction; and the mixture 
is left for 24 hours in the cold. On carefully decanting the 
liquid and draining it off as completely as possible, the sides of the 
vessel, when allowed to dry by spontaneous evaporation, are found to 
be covered with crystalline crusts of the potash-compound of glucose. 
Tins is dissolved m a small quantity of water, and tlie glucose recogl 
msed by its hi owning with potash-ley, by the copper-test, or by its, 
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reaction with basic nitrate of bismuth. (F. Briickc, Wien. A hid. Ber. 
29, 846 ; J. pr. Chem. 74, 115.)— By precipitating the urine, first with 
sugar of lead, then with basic acetate of lead, and lastly with ammonia- 
cai acetate of lead, precipitates arc obtained, of which the last two 
contain sugar, although basic acetate of lead does not. throw down any 
sugar from a pure solution of grape-sugar. By pressing each of these 
two precipitates, dividing them finely, and decomposing them with 
cold aqueous oxalic acid, filtering, neutralising the filtrate with car- 
bonate of soda, acidulating with acetic acid, concentrating the liquid 
by evaporation, and precipitating* the oxalate of soda by alcohol, a 
solution is obtained from which glucose can bo precipitated as above 
by alcoholic potash, and recognised in the same way. Carbonate of 
lime may also be used instead of carbonate of soda. (.Briickc, UTVa. 
Akad. Ber. 30, 10 ; Ohm. Ccutr . I860, 231.) 

Estimation of Glucose . — Barreswil’s method {Arch. (V anatom. 18-16, 
50 ; J. Pharm . 6, 361 ; Bcrz. Jahresber. 25, 556). A known measure of 
potassio-tartrate of copper mixed with potash-ley is heated to boiling- 
in a capsule, and the liquid containing* sugar is dropped in until the 
copper-solution lias become colourless by the separation of red dioxide 
of copper. The quantity of glucose required to reduce the quantity of 
copper-solution employed must, bo ascertained by a preliminary experi- 
ment. Barreswil prepares the copper-solution by dissolving 100 gnu. 
carbonate of soda, 500 gnu. cream of tartar, BOO gnu. sulphate of 
copper, and 100 gnu. hydrate of potash in half a litre of water. — 
Bolding {Ann. Pharm, 72, 106. — 106, 75) adds to a solution of 1.60 
gnu. neutral tartrate of potash (or better, 11)2 gnu. tartrate of potash 
and soda,) in a small quantity of water, 600 or 700 oo. soda-ley of 
sp. gr. 1*12, then a solution of *10 gnu. crystallised sulphate of copper 
in, about 160 oo. water, and dilutes the mixture until it measures 
11.51*4 wo. at 15°. — Five milligrammes (0*005 grin.) of dry glucose can, 
reduce 1 oo. of this solution. It must bo kept in well closed vessels, to 
protect it from carbonic acid and air; the solution ought .no j; to give 
any precipitate of dioxide of copper when boiled by itself. The sugar- 
solution to bo tested is best employed free from acid. &*« »i»o Kmtlug 
(Ann. Pharm . 70, 251), It. Schwarz (Ann. .Pharm. 70, 54), Rower (Ann. Pharm . 
74, 180), Donaldson (/. Chim. mad. 27, 611 ; Liob. Kopp. Jahresber* I H5 1 , 647), 
Holder (Liab. Kopp . J a hr ash or. IB. 50, 614), Neubauer (N. Pr. Arid/. 72, 276), 
Wevtliur (J, pr. Cham, 74, 873), Lowonthnt (./, pr. Chom. 77, 836), Sohilf (Amu 
Pharm, 1 04 , 830. — - 1 1 2, 368), Brlieke (Chom. Cento. 1858, 705. < J 860, 23 1 ), Bnignet 

(N. Ann. Chim. Pht/x. 61, 240), and the nnUioritioH quoted under milk-sugar (p, 228). 

When a solution contains no optically active substance besides glu- 
cose, or only cane-sugar in addition, dm quantity of dcxtro-glueoHO 
present may be ded uc( a 1 from its rotatory power according to p, 216. 
Or, as in the ease of cane-sugar (p. 243), the quantity of carbonic 
add formed by fermentation is determined On the <M*rminnti<»n of gwgar 
in diabetic urine by fermentation, are also Wieke (Ann, Pharm . 90, 87 and 100); by 
the optical test, Biot (Comp/, rand. 15 , 038), Leap inn ( Oompt , rend, 26, 306), Robiqnet 
( Compt . rend. 43, 020), Listing (Ann. Pharm. 06, 03 and 100), also Hundfmch viii, 
Zoochem. 380; by tlm depth of coloration produced on boiling tho urine with potash- 
icy, Gurrod (Pharm. J. Trans. 17, 201). * 

Properties. From alcohol of 95 per cent. (Dubrunfaut, Compt. rend . 
28, 42), or from stronger alcohol (0. Schmidt), anhydrous dextro-rotatory 
glucose is deposited m crystals. Microscopic, sharply defined needles, 
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which melt at 146° to a colourless transparent mass. (0. Schmidt.) The 
crystals frequently contain small quantities of hydrated glucose mixed 
with them. (Schmidt.) Anhydrous glucose is obtained as a white powder 
by heating bihydrated glucose to 55° or 60° in a stream of air ; as a 
melted, transparent, amorphous mass, by heating the bihydrato to 
100°.— Its taste is less sweet than that of cane-sugar; in the solid 
state, it is mealy as well as sweet. According to Front, 2k pts. 
glucose, — according to Dubrunfaut, 2 pts.— glucose sweetens as much 
as 1 pt. cane-SUgai*. (See also hydrated glucose, p. 323,) 

Molecular rotatory power towards the right, slightly variable' 
between the temperatures of 18° and 80°, for 0 13 I1 13 0 12 , [a\j = 58*2° 
(Dubrunfaut), 57*44° (Bechamp), 55*15° (Pasteur, according to his deter- 
mination of the rotation of the chloride-of-sodium compound), 57*0° (O. Schmidt), 

56° (Berthelot) : hence for C 12 IP0 12 ,2J10 \a]j — 48° (Dubrunfaut), 
52*03° (Bechamp). See also Biot, p. 310. A freshly prepared solu- 
tion of hydrated glucose (and also of the crystals of anhydrous glucose 
obtained from absolute alcohol : O. Schmidt ), or of dehydrated glucose 
prepared without fusion, shows a molecular rotatory power equal to 
twice the above, but it gradually sinks to this point and thou remains 
constant (Dubrunfaut, Pasteur); but if the glucose has been dehydrated 
by fusion, its solution, even when freshly prepared, possesses the same 
rotatory power as that acquired, after long standing, by a solution of 
the crystals (Bechamp, Dubrunfaut). Dubrunfaut distinguishes the 
glucose contained in a freshly prepared solution as glucose birotatoire , 
The solution of the crystals in wood-spirit retains its greater rotatory 
power for a longer time than the aqueous solution, so that for 0 13 li 13 0 12 
there is found [a]/ = 10G*4°, or for C 12 II 12 0 12 ,2II0 [a] j = 9G° ; the 
rotatory power of the aqueous solution quickly falls, so that the shorter 
the time that elapses between solution and observation, the nearer is it 
found to this number. (Dubrunfaut.) The diminution of rotatory 
power takes place slowly at 0° (E. O. Erdmann) ; it is complete in 24 
horns at the common temperature, or in a few minutes at the boiling 
point. (Dubrunfaut.) It is hastened also by addition of hydrochloric 
acid, (E. 0. Erdmann.) — (Dubrunfaut, Gompt. rend. 23, 42 ; N. Ann. 
Chim. Phjs . 18, 99, — Gompt. rend. 42,228 and 739. — Pasteur, A r . Ann, 
dim. Phjs . 31, 95. — E. 0. Erdmann, Lid). Kopp , Jahmber. 1855, 671. 
— Bechamp, Gompt. rend. 42, G40 and 898.) — The fusion of glucose 
does not occasion any diminution of its rotatory power, except the dis- 
appearance of the bi-rotation. (Yentzke, J\ pr. Qlmu 25, 78.) 

Brunner. 0, Schmidt, 
at 100. mean . mean * 

12 C 72 .... 40*00 39*97 39*86 

12 H 12 .... 6*67 6*69 6*87 

12 O 96 .... 53*33 53*34 53*27 

C I3 H 13 0 12 180 .... 100*00 100*00 100*00™" 

Schmidt examined glucose prepared from honey, salirin, and amygdalin, which had 
been crystallised from alcohol of 97 p. c. The crystals, after being dried in vacuo, lost 
about 1 p. c. of their weight at 110°, owing to the admixture of a small quantity of 
hydrated glucose. The composition of dextro-rotatory glucose was established by 
Prout’s and Saussure's analyses of hydrated glucose; Liebig (i»®. Pharm. 9, 23) 
deduced the formula from the decomposition of glucose in fermentation* Conflicting 
views concerning the formula: Brunner (Ann. Pharm . 14. 303 ; 31, 195b Blondeau 
de Carolles (X pr. Chem. 33, 449). 
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Decompositions. 1. When glucose dried at 110° is heated to 170°, it 
gives off 2 at* water, becoming more or less coloured, and is converged 
into glueosan mixed with a little unaltered glucose aiul caramel (Gdlis, 
Oompf. rend. 51, 331). It becomes brown when heated for a longtime to 
lf>() u , and is then hygroscopic after cooling (0. Schmidt). Between 210® 
and 220° it swells up move than cane-sugar, gives off a huger quantity of 
water, and yields caramel (IV.ligot). The products formed at high tempe- 
ratures arc similar to those obtained from cane-sugar (p. 248), but are 
somewhat more fusible, more easily soluble in water, and less soluble 
in alcohol. Alcohol takes up scarcely anything from glucose-caramel ; 
absolute alcohol throws down, from the aqueous solution, a mixture of 
substances in the form of a black syrup, which becomes moist in the 
air, and gives precipitates of varying composition with, salts of lead 
or baryta. Cararneliu (p* 21)3) from glucose is also obtained, in three 
states, and is dissolved by long contact with water, even without 
boiling. (Gelis, N. Ann. Chun. Ph/s, 52, 33(5.) — -By heating glucose 
in a sealed tube, there is obtained, together with other substances, a 
liquid which absorbs oxygen and nitrogen from the air with great 
avidity (P. Thenard, Coinpt. rend. 52, 71)5). 

2. Glucose froths up in the open fire, evolves a smell of burnt sugar, 
and burns away with llame, — 3. Glucose, mixed with spongy plati- 
num, behaves like cane-sugar (p. 251) when healed oxipjcn is passed 
over it (Itoisot & Millon, N. Ann. (7dm. 77///, s*. 3, 253). Aqueous glu- 
cose in. contact with platinum-sponge does not absorb oxygen ; but, if 
potash-ley is also added, it becomes healed, and is oxidised to carbonic 
acid and water (Dobcrciucr, J. pr. C/nun. 23. 453). -—It yields formic 
acid when heated with chromic acid and sulphuric acid, or with jMmwvVfo 
of mcmjunm a and sulphuric acid (.Iliincfold, J.pr. Ohm. 7, *14), Aqueous 
glucose does not alter biciuvmde of potash when heated with it; its 
presence oven prevents the occurrence of the phenomena occasioned 
by solution of cane-sugar in bichromate of potash (p, 25 1). (Reich, 

J. pr. Ohm . 43, 72.) Soo also Horsley (/. pr. Chem. 03, 320) By distilling 

1 pt, glucose with 1 pt, oil of vitriol, t pt. peroxide of manganese, and, 
30 pts, water, a distillate is obtained which exhibits the reactions of 
aldehyde, and possesses also the smell of acrolein (Liebig, Ann . Charm, 
113, 11(5). — Glucose is not altered by boiling with peroxide of manga- 
nese alone (Hturonborg, Ann. .Charm, 20, 201), neither is it allured by 
pernnmijanate of potash (M’onier, Oompt, rend. 4(5, 425). *— It lakes fire 
when triturated with (5 pis. peroxide of (cad (Boltger), On adding 
small quantities of glucose, to a boiling pulp of peroxide of lead and. 
water, carbonate and formiuto of lead are obtained, O la Il la O la 4- 
HIBbO 3 = 4(J 2 IlRbO* + 4PbO,OO a + 8PhO + 8110, A body which 
attacks the eyes and nose is formed at the same time (Stlirenberg), 

4. Glucose behaves like milk-sugar (p*219) when its aqmorn solution 
is heated (Hoppe). — The rotatory power of the aqueous solution does 
not alter by standing for ten months (Man name, Oompt, rend. 31), 
9X0)- A concentrated aqueous solution becomes yellow when heated 
in a ohloride-of-aodmm bath, but its rotatory power is hardly altered 
in 40 to 80 hours (Soubeiran, N. J . Pham . 1, 92). 

5. Its aqueous solution mixed with X at, bicarbonate of potash 
and then with 1 at, iodine^ and wmed ? yields iodoform (Millon, 
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Compt rend.% 1, 828; J.pr. Chan. 37, 53). — 6. Heated in a sealed 
tube with bromine in presence of water, it yields hydro bromic acid, a 
dark-brown liquid, and humus-like products (Barth & Hlasiwctz). — - 

7. Chlorine converts glucose into a brown or black mass containing* 
caramelin (p. 262). (Maumene, Compt . rend. 30, 314.) Bichloride of 
tin acts upon glucose in the same way as upon cane-sugar (Maumene, 
Compt rend. 39, 422). 

8. Fuming nitric acid converts glucose into nitro-glucose (Flores 
Domonte & Menard, Compt rend. 24, 89). — When heated with com- 
mon, or moderately diluted, nitric acid, glucose yields saccharic acid 
(Heintz) and oxalic acid, but no tartaric acid (Liebig). 

9. By heating glucose with syrupy aqueous phosphoric acid to 140°, 
a small quantity of a saccharide (p. 317) is obtained (Berthelot, IV. Ann. 
CUm. Phys. 54, 81). 

10. Glucose dissolves without coloration when triturated witli cold 
oil of vitriol (P. Boullay, J. Pharm. 16, 172), forming glucose-sulphuric 
acid (Peligot, Ann . CUm. PJiys. 67, 168). It chars when gently heated 
with 4 pts. oil of vitriol, and evolves carbonic oxide and carbonic acid 
gases (Filliol, N. J. Pharm. 8, 100). — When glucose is boiled with 
dilute sulphuric acid, the liquid becomes brown and yields a deposit of 
nlmin and ulmic acid more quickly than when cane-sugar is used (Mala- 
guti), less quickly (Boucliardat) ; when air has access, formic acid is 
also produced (Malaguti, Ann. Chm.Phys. 54, 417). Coloration occurs 
quickly with glucose from inverse sugar, more slowly with that from 
grapes, and in not less than six horns in that from starch (Boucliardat, 
J. Pharm. 21, 627). — 11. Glucose long boiled with hydrochloric acid 
becomes unfermentable (Bodeker, Ann. Pharm . 117, 111). — 12. When 
heated with aqueous iodic acid , it is slowly decomposed into carbonic 
acid and water (Millon, N. Ann. CUm. Phys. 13, 37). — 13. Mixed with 
water and an equal quantity of arsenic acid , and exposed to the sun, it 
becomes red or brown after three or four days (Bottger, Pf. Br. Arch. 
17, 185). — 14. Honey behaves with oxalic acid in the same way a s cane- 
sugar (Dobereiner, Ann. Pharm. 2, 338). — 15. The rotatory power of 
aqueous glucose is but very slightly altered by long heating in a chlo- 
ride-of-sodium bath with acetic acid (Soubeirau). 

16. By heating dextro-glucose with (organic) acids, compounds 
are formed, with elimination of water, which belong to the class of 
Saccharides , and possess no longer the properties of the add and of 
sugar, but are capable of breaking up again, by assimilating water, 
into the acid and dextro-glucose (Berthelot). 

Berthelot’s class of Saccharides comprehends all bodies formed in 
the way above mentioned from the sugars properly so-called. Accord- 
ingly, not only dextro-glucose, but lmvo- glucose, maltose, and lactose 
(inosite, eucalin, sorbite) can enter into the composition of saccharides. 
If they are prepared with cane-sugar or with trehalose, instead of with 
dextro-glucose, compounds are formed which are either identical with 
the dextro-glucosides — -their formation taking place under circum- 
stances under which cane-sugar is partially, trehalose completely, con- 
verted into dextro-glucose — - or, at least, behave in the same way so 
far as they have been hitherto examined. Berthelot further places in 
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this class, compoxmds'of starch, dextrin, cellulose, &c., such, for instance, 
as xyloidin and pyroxylin. He then subdivides the saccharides into 
— glucosuh% or those produced from dcxfcro-glueose ; Jmtfoaifh s', from 
lnevo-giucose (lnwo-rotatory fruit-sugar); gulaetmideSy from lactose; 
and inosides , from iliosite. [in this work, the first two classes will be spoken of as 
de.xiro- and laivo-glucoHldes whenever it Is necessary to distinguish between them.] An 
to how far the naturally-occurring bitten* principles (Lauren (As gh«\os- 
amides) ought to bo considered as belonging to one of these subdi- 
visions, see below. 

The formation of the saccharides occurs for the most part by long 
contact at 100° or 120°; with some kinds of sugar, as with trehalose, 
the temperature may be raised as high as 180°. Only a part of the 
sugar thus enters into combination. — They arc decomposiblo into their 
constituents under the same conditions as the fats, but with greater 
difficulty. Water scarcely acts upon them at 100°; at higher tempe- 
ratures the sugar itself would ho destroyed. Continuous boiling with 
dilute acids decomposes thorn completely into the original acid and 
fermentable sugar; part of the latter, however, easily undergoes a 
a further decomposition into glucic acid and humus-like bodies. Borne 
saccharides suffer decomposition by contact with ferments. 

The saccharides, like the natural fats, are soluble in water when 
they contain a volatile acid; insoluble when they contain a fixed acid. 
The soluble saccharides have an extraordinarily bitter taste; they 
deflect the plane of polarisation in the same direction as (he sugar 
from which they are derived; none of them are volatile, but in some 
cases they emit a peculiar smell, which is developed by warming (Ber- 
thelot). 

The following general account of the saccharides of dcxtro-glucose, Bmthelofs 
glucosides, is taken from Oerthelot's Chimin oryanique fondSe mr la Syuthfoc (Paris, 
I860), 2,271. It contains the general formula: of tlio saccharides of clcxtro -glucose, 
as well as of the similar kinds of sugar, both such as have, been actually prepared, and 
those whose existence must be assumed as probable. The examples arc taken from the 
compounds of milk-sugar, starch, etc., in those cases in which the corresponding com- 
pounds of dcxtro-glucosc are unknown. 

The saccharides of doxtro-glucoso are either wwm-, ft-, or 
guadri-sfwch arides, according as they are derived from 1, 2, 8, or 4 at. 
dextro-glucose (or, according* to Berfholoi, from an equal number of 
atoms of glmmn,) 0 W J L 10 O 10 , p, *U>0), batch of those di visions is further 
divisible into various classes, according as the glucose is combined with 
3, 2, or more atoms of acid, and into various Hub-classes according as 
the compounds are formed with elimination of 3,2, or more double 
atoms of water. 

8 denotes 1 at, dextro- glucose after separation of 2 at, water, or 1 at, glnconan s 
in cases where the compound of dextro -glucose is unknown, it stands for 1 at, of a 
corresponding carbohydrate. — A denotes 1 atom of a monobasic acid ; l atom, of 
a bibasic acid ; and //, 1 atom of water. 

Monosaccharides. a, Class L S + H — 2 IL Formed by the com- 
bination of 3. at. glucosan with 1 at* acid, with elimination of 2 at. 
water. No compounds of this class are as yet known, A correspond- 
ing compound of starch is xyloidin, according to Telouzo’s formula 
(p, 107). 0 l HP0°,NQ* = 0HP0 10 + NOVHO - 2110, 
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0. Class II. S 4- 2A — 4 H. Here belong bistearo-glucose, bi- 
butyro-glucose and bibenzo-glucose ; also glucoso-bitartaric acid (p. 259) 
formed from the bibasic tartaric acid according to S + 2B — AIL 

y. Class III. S + 3.4 — GIL Hitherto not prepared. Assuming 
Strecker’s formula for gallo-tannic acid as correct, this body may be 
taken as an example of a naturally occurring glucoside of this class. 

= C 12 H 10 O 10 + 3C I4 H 6 0 10 (gallic acid) - 6110. 

B. Class IT. No saccharides of monobasic acids formed according 
to S 4- AA — 8R are known, but gluco-tetratartaric acid, formed from 
bibasic tartaric acid according to S 4- 4B — 8 II, belongs to this 
class, and also, among the compounds of (the hypothetical) gallactosan 
(milk-sugar — HO = C 12 H 10 0 10 ), Berthelot’s acide galactoso-tetratartrique. 
Comp. p. 222. (If, with Berthclot, we derive the compounds there 
spoken of from gallactosan, their formulas become : — a. ctcide gallactoso - 
i tetratartrique, G 44 1I 30 0 54 = C 12 H l0 0 10 4- 4C 8 II°0 12 — 4TTO ; — b. ctcide tri~ 
gallactoso-tetratartrique , C 68 H 46 0 70 = 3C 12 H 10 O 10 + 4C 8 IL G 0 12 ,— 8110.) 

c. Class V. 8 4 5A — 10 IT. None prepared hitherto. 

Class VI. S 4- 6.4 — 12JI. Sexaceto-glucose, C 36 H 23 0 22 = 
C 1S H 10 0 10 4- 6C 4 II 4 0 4 — 12HO. Gluco-sexacitric acid, formed from tor- 
basic citric acid according to S 4 - 6 B' — 2 II (thus : C^IPO 02 = 
C 12 H l0 O 10 4- 6C 12 H e 0 u — 2 HO), also belongs to this place. 

The hisaccharides , which are similarly divisible into classes, have not 
hitherto been obtained. The tersaccharides of the first class , which 
would be formed according to 3 S 4- A — 4 H, are perhaps represented 
by jalapin [C 68 H fi6 0 32 = 3C 12 H W 0 10 4- C 32 H S0 0 6 (jalapinolic acid)-4HO] 
and by convolvulin [C 62 H 50 Q 32 = 3C 12 H 10 O 10 4- C 26 H 24 Q C (convolvulinio 
acid) — 4H0.] The fourth class of tersaccharides is represented by tri- 
galacto-tetratartaric acid (pp. 222 and 318). Among quadrisaccharuks , 
4S + B — 2iJ, Bcrthelot ranks glucoso- sulphuric acid. 


17 . Gaseous ammonia passed over dextro-glucose which is heated 
in a water-bath, or to 110°, is energetically absorbed, water holding 
carbonate of ammonia in solution distilling over, while a brown, taste- 
less, nitrogenous residue remains. (P. Thdnard, Bull 80c. Chim . Paris , 
1861, 40; abstr. Comp, rend . 52, 444 ; lUp. Chim, pure, 3, 207.) 

On pouring upon the residue 20 pts. alcohol of 38°, it separates 
into an insoluble brown residue and a solution. The former, after 
being washed with alcohol of 40° and dried in vacuo, contains 52-28 
P* c * 6*38 H.? 9*94 N.j and 31*40 O., corresponding, according to 
Thenard, with the formula C 24 H 1$ N 2 0 n (calculation 51-79 p. of 0„ 
6’47 II., 10*06 N., and 31*68 O.). It does not evolve ammonia when 
boiled with potash ley ; and when heated with potash-loy and hydrate 
of baryta to 120°, only as much as corresponds to a small part of the 
nitrogen it contains, forming at the same time a nitrogenous humous 
substance. It dissolves in water, aqueous acids and alkalis, gives 
rapidly alterable precipitates with platinum- and merairy-salts, and 
reduces ammoniacal copper-salts, (P, Thenard.) 


18. Glucose is decomposed by tog contact with alMk dhaUw 
earths , and some metallic oxides, forming glucic acid. ' (PeMgot.| ,|,| .; , % i hcn 
glucose is heated with potash-ley, the solution becomes dark-brown? 
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evolves a smell of caramel (Lowitz, Heller), and contains, besides glucic 
acid, Peligot’s m el as sic acid. 

When an alkaline solution of lime in aqueous glucose is allowed to 
stand for some time, it loses its alkaline reaction and its power of 
giving a precipitate with carbonic acid. If the lime is removed by- 
means of oxalic acid, a sour un fermentable liquid remains, containing 
glucic acid together with unaltered sugar. (Peligot.) If air is 
excluded, lime forms only a small quantity of glucic acid from glucose 
in 14 days, at the same temperature. (Berzelius, Jahresber. 18, 270.) 
In solutions containing alkaline carbonates, glucose disappears, when 
exposed to the air, more quickly in proportion as they are more dilute* 
(Barroswil, N. J. Pharm. 17, 121 ; J. pr. Ohm . 50, 140.) 

Glucose is coloured brown when heated with, alkaline carbonates, 
or with ammonia, in the same way as by potash-ley, but not when 
heated with alkaline bicarbonates. (Oottereau, J. dim. nidi 82, 89.) 
The alkaline reaction of potash-ley is completely destroyed when it is 
heated with a sufficient quantity of glucose (Iloelisfcetter, J. pr. Chem. 
29, 37); when 1 at. glucose is present for each atom of alkali. 
(Dubnmfaut, Compt . rend. 32, 249.) No formic acid is produced in this 
reaction. (Mathey, JV". Ih\ Arch. 72, 289.) 

On boiling glucose with baryta- water out of contact with air, a 
colourless distillate is obtained, which contains acetone. The solution, 
which is at first wine-yellow, becomes dark brown by ebullition, holds 
in solution a brown substance, glueatc of baryta, and a baryta-salt 
whence aceto-formic acid (OWO°,2IIO) may be obtained by distillation 
with sulphuric acid. (Kawalier, TPitoi. A tad. Jkr. 80, 159; ./. pr. 
Chem. 74, 28; Chem. Gaz . 1858, 421.) On adding to glucose, which is 
kept molted in a water-bath, a hot saturated solution of baryta (or 
potash- or soda-ley), a violent action takes place, heat is disengaged 
and steam evolved, while the mass becomes brown, but still however, 
contains principally glucic add. If the heat is continued, the mass 
becomes black, and hydrochloric acid then precipitates from its aqueous 
solution, black flocks of melassic acid, which dissolve easily in alcohol 
and contain 61 '9 p. c. 0., 5*35 XL, and 82*75 O. (Peligot.) Pcl^ot/s opinion 
that this acid, C* 4 H 10 O 10 (calculation : 61*54 p. c. €., 4*27 II.), in identical “with 
Srnnb erg’s japonic acid from catechu (Pofftj. 3$, 161 )doe8 not accord with the analyses. 
[Kr.] Besides this, a volatile body is also formed, which easily reduces 
Silver-salts. (Peligot,) 

19. A thick syrup of glucose distilled with dm yields an oil, from 
which rnetacol.one and phorono (xiii, 342) can bo obtained by fractional 
distillation. (Lies- Bodart, Compt rend. 43, 394; Am, Pin mil 100, 854.) 

20. Aqueous glucose heated with nitrate of harpist to 180*, for 48 

hours, in a sealed tube, yields a body which is insoluble in water and 
contains a small quantity of nitrogen ? while an acid, colourless solu- 
tion remains, which quickly colours in the air, and contains neither 
nitric acid nor ammonia, but evolves a large q uant ity of ammonia when 
fused at a red heat with hydrate of baryta. (P. Thenard, Bull 'Sot* 
Chim. Paris, 1861, 61 ; Compt. rend. 52, 795.) ; 

, 21. By heating aqueous glucose with aqueous carbonate of soda 
and basic nitrate of bismuth, a black-brown liquid and grayish-brown 
precipitate are obtained (Bbttger, Jahrb. pr. Pimm*" 22, 10). Glucose 
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can be detected in cane-sugar or in urine by means of this reaction (Bottger, J. pr . Chem. 
70 , 432 ; N. J. Pharm. 32, 371). 

22. Crystallised glucose, evaporated with excess of oxide of lead) 
loses 11*14 p.c. (10*4 p.e. according to Guerin- Varry) of its weight, 
but the residue is brown and smells of burnt sugar (Berzelius).. A 
mixture of crystallised glucose with oxide of lead loses, in weight 
28 p. c. at 110°, the sugar being converted into mclassic acid (Peligol). 

23. Ferric sulphate and chloride arc reduced to ferrous salts by boil- 
ing with aqueous glucose (Hiiii ef eld, J. pr. diem, 7 , 44). — ■ Ferric 
hydrate is reduced in the cold, still more easily on boiling (Kuhlmaim, 
Comp, rend . 49, 257). An aqueous mixture of 6 pts. tartaric acid, 
240 pts. crystallised carbonate of soda, and 5 or G parts crystallised 
ferric chloride, if heated to boiling*, filtered hot, and then mixed with 
glucose, becomes darker coloured and deposits a precipitate contain- 
ing ferrous oxide (Lowcnthal, X. pr. Chem . 73, 71). — 24. A concen- 
trated solution of glucose mixed with nitrate of cobalt and a small quan- 
tity of fused caustic potash, remains clear on boiling, or, if very con- 
centrated, deposits a light-brown precipitate (Reich). The presence of 
glucose in a solution of cane-sugar prevents the production of the violet-blue precipitate 
which solutions of pure cane-sugar give with solutions of cobalt and potash (Reich, 
J. pr. Chem . 43, 72). 

25. Honey evolves carbonic acid when brought in contact with 
freshly precipitated hydrate of cupric oxide in the cold, and separates 
cuprous oxide, whence humus may be extracted by carbonate of soda. 
The same decomposition takes place more rapidly, but with separation 
of metal, when the mixture is heated (Busch, Ann , Pharm. 4, 57). 
Glucose behaves like cane-sugar when boiled with cupric hydrate and 
a small quantity of potash, except that reduction takes place more 
quickly . (Bold, X. pr. Chem. 63, 361). — A concentrated solution of glu- 
cose, mixed with an equal quantity of sulphate of copper , acquires an 
emerald-green colour when warmed, and deposits metallic copper, while 
the supernatant liquid at last becomes brown (Pohl, X. pr. Chem . 63, 
361). Honey reduces metallic copper from cupric sulphate or nitrate 
when heated, dichloride of copper from cupric chloride (Buchner, Jiepert. 
2, 1). — An aqueous solution of glucose mixed with potash-ley and then 
with cupric sulphate , dissolves the cupric hydrate which separates at 
firsL, with a deep blue colour, and deposits cuprous oxide, after some 
time in the cold, immediately if heated. The production of this pre- 
cipitate makes it possible to detect and distinguish from cane-sugar, 
starch, or gum, pt. glucose; by the reddish coloration of the 

solution, T.o-oiooo 8'^ ucose can he detected (Trommer, Ann. Pharm * 
39, 361 ). Comp. Guibourt (N. J. Pharm. 13, 263). Carbonic acid is formed 
during the reduction (also formic acid when the sugar is in excess), 
together with a peculiar acid, resembling humic acid, which remains 
in combination with the alkali (Mathey, TV. Br . Arch. 72, 289). Under 
the same conditions, 1 at. glucose reduces 5 at. cuprous oxide (formed 
from 10 at. cupric oxide) from a solution of cupric sulphate mixed 
with a sufficient quantity of tartaric acid and then with potash, — a 
solution spoken of in this Handbook as potassio-tartrate of copper or 
potassio-wpric tartrate (Comp. p. 313). 

Honey, in contact with a saturated solution of verdigris in vinegar, 
causes, in the cold, an evolution of carbonic acid which begins after 
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12 hours and lasts for several days, and at the same time (whether In 
the dark or in sunlight) separation of metallic copper mixed with a 
little dioxide. Oupric acetate, when boiled with, honey, is reduced 
only to dioxide, which is precipitated, for the most part mixed with 
humus-like substances. A little dioxide remains dissolved, even when 
all the acetic acid has been volatilised by long boiling; it must there- 
fore be in combination with a non-volatile acid, probably humic acid, 
which exists also in the old oxymd a e rug inis (Busch). According to 
Buchner, honey precipitates cupric acetate only under the influence of 
light, or on boiling. See also Vogel ( Schw . 5, 80) ; Baumann (V. JBr. Arch . 37, 
47). 

26. Mercurous nitrate is not altered by aqueous glucose at 100° 
(Baumann). — 27. Glucose throws down metallic silver from aqueous 
nitrate of silver, as a black precipitate, on boiling; from aqueous am- 
rnonio-nitratc of silver, as a dirty-grey precipitate (Baumann). Ammo- 
niacal glucose throws down silver as a metallic mirror from aqueous 
silver-salts, in the cold or when heated (Liebig). The metal is also 
separated when a mixed solution of nitrate of silver and glucose is 
allowed to stand for Id days (Sohwertfeger, Jahrb. pr, Pharr. 7, 292). 
A solution of glucose, mixed with carbonate of soda,, or with potash- 
ley, reduces chloride of silver I o (lie metallic slate on boiling; it reduces 
carbonate of silver even at 66° — 70° (Sell iff, Ann, Phurm. 109, OS). 
On heating glucose with oxide of silver and potash-ley, oxalic acid is 
formed (Liebig, Ann. Pharm. 1 IB, 12). —27. Glucose is not changed 
by ebullition with aqueous bichloride of platinum (Baumann). 

28. If solution of glucose, mixed with indigo, or with, solution of 
indigo, is boiled, and carbonate of soda, dropped in, the liquid is de- 
colorised by the conversion of the indigo-blue into indigo-whito 
(E. Mulder, TV. Jh\ Arch 95, 268). 

29. An aqueous solution of 1 pt. red primate of potash mixed with 

pt. potash-hydrate, and 1 mated to 00 u or80 Q , is decolorised when, 

aqueous glucose is dropped in. Inverse sugar behaves in the same 
way, but cane-sugar and dextrin prepared by roasting (the latter not 
even after being boiled for a short lime with acids) do not decolorise 
the solution. 100 ee. of a solution containing in that bulk 10*98 gnus, 
red prussiato of potash and 5| gnus, potash-hydrate is decolorised by 
the inverse-sugar formed from .1 grin, of cane-sugar (Gen (ole, Ding!. 
152, 68; (them, (Jenin. 1859, 5 04} Kopp\s Jahresber. 1859, 698), G«ut«Io 
employs this reaction for the determination of glucose tuid invem*. wugnn Luc. 
cit. ; further Stammer’s objections) (DhtgL 158, *10; (limit. Cent r* 18(10, 870), mat 
Gcntele’s reply (.Dirif. 158, 427; Chem, Cvntr, 1801, 111), Sco also p. 308). 

30. Doxtro-gl noose is capable of undergoing warn fermentation 
(p, 265). — It is not thereby first converted into another kind of 
sugar, certainly not into hevo-glucose ; for the liquid has, at every 
stage of the process, a dextro-rotatory power proportional to the 
quantity of glucose contained in it, and yields crystals of glucose by 
evaporation (Ventzkc, J, pr. Ohm.. 25, 78; Mitscherlich, Pogg. 59, 94; 
N. J. Pharm. 4, 210 ; Dubruufaut, N, Ann, Ohm . P/g/s. 21, 171). — 

31. In the lacMts fermentation (p* 276) of dextro-glucose, the rotatory 
power diminishes constantly in the proportion corresponding to the 
quantity of acid formed (Dubranfaut, N* Amu (Mm, Pfojs. 21, 175)* — * 

vol, xv. y 
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Enjthrozym acts on glucose in the same way as upon sugar (Sclmnck, 
J. pr. Ghem . 63, 222. — See also p. 267). 

Left to itself in contact with chalk and cheese (gelatin, or other 
nitrogenous animal substances) at 40°, for weeks or months, an aqueous 
solution of glucose is capable, according to Berihelot, of undergoing a 
decomposition, different from fermentation properly so-called which 
takes place under the influence of yeast, whereby the nitrogenous sub- 
stance, as well as the sugar, suffers decomposition, and nitrogen, 
carbonic acid, and hydrogen, arc evolved, while alcohol, and butyrate 
and lactate of lime are formed. Yeast is not produced under those 
circumstances, unless air has access to the liquid. In other cases, cells 
resembling yeast make their appearance, without any alcohol being pro- 
duced ; so that, under these particular conditions, yeast and alcohol 
are independent of each other. The chalk may be replaced by many 
other carbonates. — 50 grins, glucose, BOCfgrms. water, 50 grins, chalk 
and 20 grms. cheese, left to stand at the mean temperature, produced 
at first lactate of lime, but after 5 months this had disappeared, and 
the liquid contained butyrate of lime and a quantity of alcohol, amount- 
ing to 2 p. c, of the glucose used. Alcohol was also formed after 
addition of fatty oil, or of oil of turpentine, but there was no lactate of 
lime ; addition of sulphide of carbon prevented the destruction of the 
sugar. — A mixture of 1 pt. giucosc, 10 pts. water, \ pt. cheese, and 
1 pt, magnesia alba contained, after 5 months, alcohol, lactate, and a 
small quantity of butyrate of lime, the sugar being completely 
destroyed. In this and in some of the following cases, it remained 
doubtful whether or not yeast was formed. The same products were 
formed when an equal quantity of carbonate of baryta was used 
instead of the magnesia. Alcohol was obtained when the carbonates of 
zinc, manganese, iron, nickel, and lead, or peroxide of manganese, 
oxide of zinc, cupric oxide, metallic iron, or metallic zinc were used 
instead of the magnesia ; with oxide of lead and carbonate of copper, 
no alcohol was obtained. Alkaline carbonates, or borate, phosphate, or 
hyposulphite of soda, added in equal quantity, did not prevent the pro- 
duction of alcohol. By caustic soda, the sugar was destroyed without 
yielding alcohol ; with sulphite of soda or lime, it remained unaltered. 
When the magnesia was replaced by carbonate of ammonia, alcohol was 
formed at the same time as a peculiar acid, the lime-salt of which was 
deliquescent, and contained at 110°, 3G’G p. c. carbon, 5*2 hydrogen, 
and 18*9 lime, nearly corresponding to the formula C 18 II 14 Ca 2 0 1£} . (Ber- 
th dot, N. Ann . Ghim. Phys. 50, 351. — Bee also p. 279.) 

32. If oii of vitriol is gradually added to aqueous solution of ox- 
gall, until the precipitate at first produced is re-dissolved, the liquid 
assumes, on addition of a small quantity of solution of glucose, a violet- 
red colour, similar to that of a solution of permanganate of potash. 
Cane-sugar and starch also act in the same way. (Pettenkofer, Ann. 
Pharm. 52, 90.) According to Pettenkofer, this reaction is applicable to the detec- 
tion of sugar in urine, and also in blood, after removal of albumin by boiling with 
alcohol. ~ Many other protein -compounds, likewise oil-fat, oil of almonds, 
and many other oils, behave like gall (M. S. Schultze, Ann , Pharm . 71, 
266.) The extractive matter of healthy urine employed in place of 
sugar, produces the same coloration, which may sometimes be obtained 
with ox-gall, oil of vitriol and a small quantity of water only. (Van 
den Brook, J\ pr . Chem. 39, 3G2.) f . According to Schuack (Phil Mag ; 
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[4], 23, 179) the extractive matters contained in healthy urine yield, 
when decomposed in aqueous solution by means of strong acids, a 
sugar possessing the composition and some of the properties of glucose, 
but uncrystal Used and insipid. ®j| . 

Concerning the supposed formation of fat from sugar by means of bile, see Hand" 
Inch, viii, Zoochem. 58 ; Morokcl (Ami. Pharm . 59, 74; /• pr. Chem. 40, 118); 
Seliiel {Ann. Pharm. 58, 00) ; Herzog (AT. Br. Arch . 47, 140). —On the decompo- 
sition of sugar by saliva see Hanilbuch , viii, Zoochem. 23 ; by the intestinal juice, 
ibid . 92 ; by the pancreatic juice, ibid. 80, and during digestion, ibid. 580, and else- 
where. 

Combinations. With Water. — Melted glucose deliquesces at first when 
exposed to the air by absorption of water (7b) p. c. : Guerin-Yarry) and 
solidifies, as soon as the quantity of water is sufficient for the formation, 
of crystals, to a crystalline, granular mass. (Gehlen, Mitschorlieh). 
Glucose dried without being melted, absorbs no water when exposed to 
the air. (.Beohamp, Compt. rend. 42, 900).— The crystals of anhydrous 
glucose, obtained from alcohol, if dissolved in a small quantity of water 
and evaporated over oil of vitriol, arc found to have taken up a quantity 
of water amounting to only 3*1 p. o. of their weight. Anhydrous glucose 
appears, therefore, capable of existing for Home time in aqueous solu- 
tion. ((). Schmidt). An aqueous solution evaporated to a thin syrup 
solidifies after a few days to a granular mass ; if evaporated to a thick 
syrup, it does not solidify, owing to the absence of sutliciout water, 
until it lias absorbed more water from the air. 

a. Monodiydrated gl arose. Anthoids luivd-erystalliml glucose — .Pre- 

pared on the manufacturing scale by a process that is kept secret 
In the crystallised state, air-dried, it contains and does 

not diminish in weight when placed over oil of vitriol at 13°. (Anthon, 
JDwjl 151, 213 ; Ohm. Ccntr . 1859, 289.) 

b. Bi- hydrated glucose, Crystallised glucose . — Generally obtained in 
white, opaque, granular hemispherical or cauli flower- shaped masses, 
with occasional shining surfaces. The crystals are seen under a mag- 
nifying glass to be O-skled tables, whoso lateral faces cut each other 
at angles of about 120°. They are not, like the similar crystals of 
lactose, pea-shaped and thicker in this middle, and am not so hard 
as the latter, but mom brittle, and less frequently isolated and well de- 
veloped. (Pasteur, Cmnpt. rend. 42, 349),*-Mltsol\erlieh obtained on one 
occasion transparent well-formed crystals, as much as [Wi willing 
long (bi-hydmtodtf), which, shewed, double refraction, (Biot, Compt, 
rend , 23, 909)»~~ Grates between the tooth. Brittle* Bp. gr. l*88(U. 
(Gankin). 

.Becomes soft at 00°, softer still at 05”, losing a small quantity 
of water; at 70 Q it becomes doughy; at 90° — K)0 U it deliquesces to a 
thin syrup, and loses in all 9*8 p, o. water. (Omkm-Varrv). It melts 
between 70° and 80°, if dried in vacuo between 90° and 10fr (Bechamp), 
at 86° (0. Schmidt), loses 9 — 9*1 p. e. water (by calculation, 2 at. = 
9*09 p. c. water). (Peligot.) In a stream of dry air, it loses only hygro- 
scopic water at 50°, but between 55° and 00°, part of its water of 
crystallisation, and, if kept at this temperature for a few hours, it may 
be heated to 80° or 100° without melting, (Bcchamp, CmnpL rend. 
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Saussure. Prout* Gu<5rhn 

Crystals . from Grapes, from Honey, from Starch, 

72 .... 36-36 36-71 36*36 36*30 

" 14 .... 7*07 6*7« 7*07 7*20 

112 .... 56*57 56*51 5(5*57 50'50 

02;jgi2Oi 2 ,2HO .... 19S .... 100*00 100*00 100*00 100*00 

Many other chemists have also analysed bi-hydrated glucose. 

c. Aqueous solution. — Amorphous melted glucose dissolves in water 
in all proportions. (Bechamp.) — The concentrated solution lias not the 
elasticity and ropiness of cane-sugar syrup. Crystallised glucose dis- 
solves quickly at first when covered with water, but afterwards more 
slowly, so that the density of the solution becomes constant only after 
several clays’ standing, with frequent shaking*. The saturated solution 
contains 44*96 p. e. anhydrous glucose ; its sp. gr. at 15° is 1*206, at 
17*5° it is 1*2055. If powdered glucose is shaken with a quantity of 
water insufficient for complete solution, the sp. gr. of the solution is 
1*201 after 36 hours, 1*202 after 50 hours, 1*205 after 74 hours, and 
1*206 after 98 hours, and remains constant at this point. Accordingly, 
at 15°, 1 pt. anhydrous glucose dissolves in 1*224 pts. water, 1 pt. 
monohydrated glucose in 1*119 pt. water, or 1 pt. bi-hydrated glucose 
in 1*022 pt. water; but glucose dissolves more freely if it contains 
foreign substances, and by dissolving liavd-crystallised glucose in an 
equal quantity of (warm) water, a solution of sp. gr. 1*221 at 17*5° is 
obtained. (Anthon, Dingl. 151, 213 ; Chem. Centr. 1859, 289.) The 
solution of 20 grins, erytallised glucose in litre water cools the 
water 4° (Dubrunfaut, Compt. rend . 23, 42); 1*2 kilog. dissolved in 
2*5 kilogs. water cooled it 6°, and 210 grins, dissolved in 400 gnus, 
water lowered its temperature 5*25°. (Pohl, Wien. Ahad. Ber. G, 598.) 
—The specific gravity of solutions of glucose is about the same as that 
of solutions of cane-sugar containing equivalent quantities of sugar. 

Table of the quantities of Anhydrous Glucose contained in aqueous solutions 
of Glucose. Calculated by Pohl ( Wim. Ahad. Bcr. 11, 664) from 
Graham, Hofmann, & Redwood’s determinations 


Quantity of anhydr. 

Sp. gr. of 

Quantity of auhyclr. 

Sp. gr. of 

glucose in 100 pts. solution. 

solution. 

glucose in 100 pts. solution. 

solution. 

2 

1*0072 

1iW 

1*0616 

5 

1*0200 

17 

1*0693 

7......... 

1*0275 

20 ... . 

1*0831 

10.... 

1*0406 

22 

1*0909 

12 

1*0480 

25 

1*1021 


With Salifiable Bases. — Dextro-glucoso forms with the alkalis, 
alkaline earths, and oxide of lead, compounds winch are more easily de- 
composed than the compounds of cane-sugar. Aqueous glucose takes 
up a large quantity of baryta, strontia, or lime, and forms yellow 
solutions, precipitable by alcohol, which, even when protected from the 
air, become darker, and are decomposed when kept (according to p. 318) 
or when heated. Their taste is bitter and slightly alkaline, and, when 
evaporated in vacuo, they leave a transparent, brittle mass, which 
(sometimes • JPehgot) contains unaltered glucose. (Berzelius, Poligot.) 

Potash-compound. Dutch syrup shaken for some time with 8 pts. 


12 C 
14 H 
14 O 
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absolute alcohol, the solution being decolorised by animal charcoal and 
mixed with alcoholic potash, yields white crystals, which, in absence of 
free alkali, may be I'ccrystaliised from hot alcohol. (Wincklor, Jahrb. 
pr, Pharm. 18, 100.) If free alkali is present, the alcoholic solution 
becomes brown when heated in the air. Wincklor likewise obtained 
this compound from horse-radish sugar. On the preparation of gluoosatc of 
potash from urine, see p. 312. 

Soda-compound, — Obtained like the potash-compound. (Wincklor.) 
— With borax, glucose behaves like cane-sugar (p. 281). (StUronborg, 
K Br.Arck. 18, 270.) 

Glucose with Chloride of Sodium . — Doxtro-g] uooso forms two or more 
compounds with chloride of sodium. (Bladder.) The rotatory power 
of glucose is not altered by addition of chloride of sodium to its solu- 
tion. (Pasteur.) 

_ a. With more than 1 at. Chloride of Sodiumu — By evaporating diabetic 
urine, saturated with common salt, very small crystals are sometimes 
obtained, which contain 1 — l-}> p. c. water, and more chloride of sodium 
than the crystals of Z>, "corresponding nearly to the formula 
CJ 12 I£ 12 0 18 ,2NaCl. (Stadder, Ziiricher Mitth . 8, 4G8 ; Pharm . Centr. 
1854, 1)30.) 

b. With 1 at. Chloride of Sodium. — Calloud obtained from glucose 
and common salt, crystals containing 25 p. c. chloride of sodium, the 
existence of which was afterwards called into question. — The slow 
evaporation of diabetic urine saturated with common salt furnishes well- 
formed crystals, but without sufficient lustre to admit of measurement. 
They contain on an average, 23-01 p. c. chloride of sodium, and lose 
3’35 p. c. water at 130°. (Bladder.) , 


12 C 

Crystals, 

... n 

.. 29*09 ... 

S ladder. 
mean. 

28*81 

13 II 

... 13 

.. 5*25 ... 

5*30 

13 O 

.. 10*1 

.. 42*02 ... 

42*88 

NaCl 

.. £>8*5 

.. 23*64 ... 

23*01 

C 12 H lfi O«NaCI,HO.. 

.. 2 it-B 

.. 100*00 ... 

..... 100*00 


Instead of the crystals of b, crystals arc sometimes obtained containing between 
1 and 2 at. glucose to 1 at chloride of sodium : probably because the compounds 
b and c crystallise together. (Stiideler.) 

c. With 4 at. Chloride of Sodium „ — Discovered by Calloud (J. Pharm # 
11, 502 ; SehwAf), 387; May. Pharm, 11, 257). Crystallises out when 
diabetic urine is evaporated, also from solutions containing* 1 at., or 
less, of chloride of sodium to 2 at. glucose ; according to Brumior, from 
solutions of glucose saturated with chloride of sodium. When a layer 
of ethcr-alcohol is poured upon diabetic-urine syrup, and the whole 
allowed to stand (juicily, transparent crystals of this compound are 
obtained. (Iliinefeld, J. pr . Cham. 7, 40*) Glucose from diabetic 
urine yields this compound far more easily than glucose of different 
origin. (Erdmann & Lehmann.) Purified by crystallisation from 
water at the common temperature. (Brunner.) 

Transparent, colourless, lustrous crystals, attaining half an inch, in 
length, belonging, according to Pasteur, to the right prismatic or rhombic 
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system. (Fig. 65.) Rhombic prism u of 120° 12', the acute lateral edges 
being truncated by t. t:u- = 110° 54'. The summit is Formed by the 
rhombic octahedron, a and the dome z; the rhomboliodron q belongs to 
an imperfectly developed obtuse rhombic octahedron. In Favour of this 
view (and in opposition to Kobell & Sch, alms’s opinion) is the far.t that 
the crystals are not, as is the case with crystals belonging’ to the hex- 
agonal system, optically uniaxial, and also that their solution possesses 
rotatory power. (Pasteur. — >Sce v. JvoheFs reply, /. pr. Chew. (SI), 
217). — According to von Kobell & Scliabus, the crystals are rbombe- 
hedrons belonging to tlie hexagonal system. Dihexahodno combina- 
tions of two rhombohedrons (Fig. 131), the faces r, and those similarly 
situated, being hut slightly developed; a more obtuse rhomboliodron V/ 
forms, by perpendicular truncation of the combination-edge r :r 2 and of 
the corresponding edges, a three- faced summit imposed on the alternate 
faces of the dihexahedron ; the combination-edge n : r. t and the corre- 
sponding edges are truncated bythc six-sided prism ,9 (Fig. 1 39). Sol minis 
observed also the basal faces p. Crystals of another habitus showed 
him the two rhombohedrons (Fig. 131) more equally developed, the 
horizontal edges being truncated by <7, and the 2- and 2-edgod summits 
truncated by 5. r : r 2 = 77° 42' (Scliabus) ; r : r' = 12G° 40 u (Suhabus) ; 
r' :r 4 = 126° 80' (Kobell), 127° 30' (Schabus); r':^ = 161.° 30' 
(Kobell.) The crystals examined by Schabus were from diabetic urine 
and were brown, opaque, and had no perfectly plane faces. (Kobell, 
Fepert. 35, 411; J. pr. Chem. 28, 489. — Schabus, Krijstallgestaltcn , 
Wien, 1855, 21, erroneously called glucose. — Pasteur, N. Ann. Chim, Flips. 
31, 95; — Compt. rend. 42, 350. — See also Marx, Sclav. 52, 479; 
Studer, Ann. Pham . 14, 314. 

Molecular rotation to the right [a] j = 47*14°, corresponding to 
the quantity of glucose contained in the compound. In a freshly ] ire- 
pared solution, it exhibits, like glucose, birofcation (p. 314) (Pasteur.) 
~-.Sp. gr. 1*56 — 1*58 (Hunt, SUL am. J. [2] 19, 416.) Hardness like 
that of sugar-candy. Taste sweet and saline. 

The crystals contain water and are permanent in the air, but 
become opaque by standing over oil of vitriol ; they then lose gradually, 
more quickly if powdered, 2 at. water (on an average 4*34 p. e. : AVd- 
mann Lehmann). They lose their water still more quickly in a 
stream of an* a^lOO . (Erdmann & Lehmann, Soubeiran.) This com- 
pound loses 6 p. c. water at 160° in vacuo (Peligot), but begins to bo 
decomposed even at 140° ; at 150° it evolves a distinct smell of caramel, 
and at lo6 —160 becomes brown (Erdmann, J.pr. Chem . 16, 247).— 
dissolves easily m water; very difficultly (Brunner), easily (Oallmid), 
soluble m alcohol. — (Pehgot, Ann. Chim. Flips. 67, 143. — .Brunner, 
Ann. P/mm. SI, 195. — Erdmann & Lehmann, J. pr. Chem < 13, 111.— 
Soubeiran, W. J. Phmn ♦ 9, 332). 


24 C 

26 H 

26 O 

NaCl 


Crystals. 
.. 144 
.. 26 
. 208 
58*5 


Feligofc. Soubeiran. 


Erdmann 
& Lehmann, 


SCTS^O^NaCI + 2HO 436-5 
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Erdmann 

Soubcivan. Brunner* 


Dried. 


& Lehmann. 

mean. 

24 C 

.... 144 

.... 34*41 

.... 34*37 


24 ll 

... 24 

.... 5*73 

.... 5*84 .... 

.... 5*77 

24 0 

... 192 

.... 45-8S 

.... 45*85 


NaCl 

... 58-5 

.... 1398 

.... 13*94 

.... 13*93 

2C Is II w O ,a f NaCi , 

.... 418-5 

.... 100-00 

.... 100*00 



For Brunner’s first analyses, see Ann. Pfiann. U, 313; Por/ff, 31, 319. From 
them Liebig (Ann. Pkarin . 14, 317) and Berzelius (Jahrexbcr. 1(5, 211) calculated the 
above formula. Stadoler, taking into account the composition of the compound b, 
regards the formula C l3 ll 13 O l “,]NaCUK) * C ,3 LI ls O l3 f 2HO as more probable. Fdignt 
ascribes to the dry compound the formula C-'Ul^O-^NaCl. 


Baryta-compounds. — a. Two -thirds ? A solution of glucose in wood- 
spirit is mixed with a solution of baryta (not in excess) in aqueous 
wood-spirit; the precipitate is washed with wood-spirit atul dried in 
vacuo, lirst over quicklime, then over oil of vitriol. (Poligot.) Sou- 
beiran precipitated a mixture of baryta-water and excess of glucose 
with alcohol. — Acquires a bright yeliow colour at 1,00° in vacuo, with- 
out undergoing further alteration; at a higher temperature, it froths up 
and chars. (Poligot.) 


24 C 

According to Puligot. 

144 

23*02 . 

Pdigot. 

mean. 

... 23*5 

28 H 

28 

4*48 . 

... 4*5 

28 0 

224 

35*81 , 

... 30*7 

3 Bat)... 

229*5 

30*09 . 

... 35*3 

WFO-a 

,3 BaO 025*3 

100*00 . 

... 100*0 

24 O 

According io Soubdran. 

144 

24*41 

Soubdraa. 

mean. 

.... 24*9 

24 n 

24 

4*07 .... 

4*3 

24 0 

192 

32*54 


3 BaO..., 


38*98 


C^HW,3Ba() 589*5 

100*00 



Soubciran dried his subataiico for 3 mouths in vacuo, Ihdigofc found on one acmmm 
37 p. o. baryta. He appears to have dried his substaneo at 100°, and to have burned it 
with oxide of copper, whereby some of the carbonic add must have remained with Urn 
baryta. 


b. 1 at :! rtf. -—Alcoholic hydrate of bury la is added to excess of 
glucose dissolved in alcohol, the precipitate is washed with strong 
alcohol, and dried in vacuo over sulphuric acid. — • A nearly white, loose 
powder, of a caustic taste; easily soluble in water. (W, Mayer, Ann. 


Tharm. 88, 138.) 



W. Mayer, 

12 0 

72 ... 

29*09 


11 H 

n ... 

4*44 ... 

4*73 

n o 

88 ... 

35*56 ... 

35*41 

BaO 

.... 70*5 ... 

30*91 ... 

31*03 

C ls H i] O w ,BaO .... 

247-5 

..... 100*00 

100*00 


Mayor prepared the compound from glucose obtained by the decomposition of com 
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volvulin and convolvulic acid, but ordinary glucose gave tbe same compound and not 
the compound a. 

Lime-compound. —A freslily prepared solution of hydrate of lime in 
aqueous glucose is precipitated with alcohol. (Peligot.) feoiibeiran 
agitates glucose with milk of lime, adds a small quantity of glucose 
to the filtrate to neutralise the excess of lime, and precipitates with 
alcohol It does not become perfectly dry till it has stood a long time 
in vacuo, (Soubeiran.) 





Soubeiran. 


In vacuo. 


mean. 

12 C 

72 

.. 30*51 .. 

30*25 

12 H 

12 

.. 5*09 .. 

5*06 

12 0 

96 

.. 40*67 ... 

41*24 

2 CaO 

56 

.. 23*73 ... 

23*45 


C^O^CaO... 236 100-00 100*00 

C 24 H 28 0 28 ,3Ca0, according to Peligot. Berzelius found 24*20 p, c. lime. 

Lead-compounds. — Aqueous glucose dissolves oxide of lead (but 
slightly on boiling : Guerin- Varry), forming at the same time, though 
with difficulty, an insoluble basic compound, which becomes brown and 
is decomposed even below 100°. (Berzelius Lehrb. 3 Aufi. 6, 434), 
Glucose is decomposed when heated with oxide of lead : see above, 
p. 319. Aqueous glucose gives no precipitate with either neutral or 
basic acetate of lead ; the precipitate caused by ammonia in a solution 
of sugar of lead, yields, when dissolved in water by heat, no precipi- 
tate in an aqueous solution of glucose, but, in an alcoholic solution, a 
precipitate which is soluble in water. (Payen, Ann. Ohm. Pk/s. 65, 
241.) — The precipitate produced in aqueous glucose by ammoniacal 
sugar of lead becomes red when the liquid is left to stand, and still 
more so when it is warmed. A red precipitate is likewise produced 
when aqueous glucose is boiled with basic acetate of lead, then heated 
with alcohol and left to cool. (O. Schmidt.) 

a. Quadrihasic . — 25 pts. aqueous ammonia is added to the mixed 
solution of 20 pts. dextro-glucosc (or inverse sugar, according* to 
Soubeiran) and 35 pts. neutral acetate of lead in 400 pts. water, and 
the precipitate is dried, first in vacuo, then at 100° (Soubeiran). 


Soubeiran. 


12 C 

, 72 .... 

12*16 .... 

.... 11*98 

8 H 

. 8 .... 

.... 1*35 .... 

.... 1*36 

8 O 

. 64 .... 

.... 10*81 



4 PbO 

448 .... 

.... 75*68 

.... " 73 to 75 

C 12 H 8 Pb 4 0 12 ,, 

, 592 ... 

100*00 



b. Terbasic. . Ammoniacal sugar of lead is added to excess of glu- 
cose-solution, till- the precipitate, which disappears at first, becomes 
permanent. The white precipitate washed out of contact with car- 
bonic acid, and dried in vacuo, turns yellow at 150° without further 
alteration (Peligot). 
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12 c 

72 

Peligot. 

.... 14*20 .... IPO 

Stein. 

14*1 

11 II 

31 

.... 2*17 . 

... 2*1 

2*1 

II 0 

88 

.... 17*30 

... 17*7 

17*8 

3 PbO 

.... 330 

.... 00*27 . 

... 00*2 

00*0 


.... 507 

.... 100*00 . 

... 100*0 

100*0 . 

wording to Stein 

(Ann. 

Pharm. 30, 84); according 

to Peligot, it is 


G 24 li 2l 0 21 ,6Fb0. Soubcimn always obtained the compound a, whatever process he 
adopted. 

Glucose prevents the precipitation of sesquichloride of iron by 
alkalis and other reagents (Rose). 

Dextro-glucose is soluble in cold, and still more in hot alcohol 
Added, in the pulverised state, to alcohol at the temperature of 17*5°, 
1 pt. (nearly) of anhydrous glucose dissolves in 30*2 pts. alcohol of 
sp. gr. 0*837, in 9*7 pts. alcohol of 0*880, in 4.* Opts, alcohol of 0*91, in 
1*7 pts. alcohol of 0*95. The solution, left to itself for some days, 
deposits so much of the glucose, that 1 pt. remains dissolved in 
50*54 pts., 11*34 pts., 5*25 pts., and 2*07 pts. of alcohol of the specific 
gravities above-mentioned. — On boiling the alcohol, 1 pt. of anhy- 
drous glucose dissolves in 4*G pts. alcohol of sp. gr. 0*837, or in 0*78 
pt. alcohol of sp. gr. 0*88; on leaving the solution to cool, part 
of the glucose crystallises out, but the quantity remaining in solution 
is greater than the same alcohol would have, taken up by agitation at 
lower temperatures, so that after (» days, 100 pts. of the solution, pre- 
pared with alcohol of sp. g. 0*837, retains 2*9 pts., and 100 pts. of the 
solution prepared with alcohol of sp.gr. 0*88 retains 12*4 pts. of anhy- 
drous glucose (An thou, Chan, Codr, 1800, 292). 

The crystals which separate by cooling or evaporation arc anhy- 
drous, or hydrated according to tlio strength of the alcohol. They 
retain alcohol obstinately 5 so that it is perceptible to the taste oven 
after 16 years (Berzelius, Lchrb, 3 Anil, 6, 484). A similar observa- 
tion was made by Guerin- Varry* When anhydrous glucose is heated 
with an equal quantity of alcohol of sp. gr. 0*95, the temperature sinks 
5 degrees (Anlnou). 

From an alcoholic solution of glucose, other precipitates a thick 
syrup (Ddbcreinor, Ann. Pham. 14, 249), a crystalline powder (Htino** 
fold, J, pr. Qhm , 7, 44). 


Appendix to Dcxlro-glume, 

Giucosan 

0 2 *IPO 30 or 0 12 JF°0 10 

Gj£lis. Compt. rend . .51, 331 ; abstr. Zciisch Ch * Pharm . 4, 57. 

Glucose, dried between 100° and 110% gives off water at 170°, 
becoming coloured at the same time, and is converted into giucosan, 
with which, however, small quantities of caramel and unaltered sugar 
remain mixed, the latter removable by yoast ? the former by charcoal 
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Colourless mass, scarcely sweet to the taste. Tunis the plane of 
polarisation to the right, somewhat less strongly than doxUo- glucose. 

Does not ferment immediately, but only alter being treated with 
dilute acids, which convert it into glucose. 


Conjugated Compounds of Dextro-glumc , 

Sulphosaccharic Acid. 

Q48JX40Q40 jS SQC f 


Peligot. Ann. Chim. Pki/s. 67, 168, 

Traubenzucher-schwefekaure. Acirte Utraglucosomtyhurique (Berfchelofc, Chim, 
organ. 2, 280). See page 318. On Sulplmmidcmic acid see page 104 ; and on Sulplio- 
lignic or Lignosulphuric acid, page 164. — Known only in combination with water or 
with bases. 

It- pt. oil of vitriol is added, by small portions, to 1 pt. of glucose 
melted at the heat of the water-bath, the mixture being continually 
stirred, and the vessel, if necessary, plunged into cold water. If the 
glucose is impure, or the heat rises too high, the product becomes 
somewhat brown, which, however, does not affect the purity of the 
lead-salt. The mixture, diffused in a large quantity of water, is satu- 
rated with carbonate of lime ; acetate of baryta is added to the filtrate 
as long as a precipitate of sulphate of baryta is thereby produced, and 
the liquid again filtered, is precipitated with basic acetate of lead. If 
the liquid, after precipitation with acetate of baryta, still remains 
brown, the colouring matter is removed by a small quantity of basic 
acetate of lead, and the pure salt is precipitated from the filtrate by a 
larger quantity. The precipitate, washed, and decomposed under 
water with hydrosulphuric acid, yields aqueous sulp/maccharic acid , 
which tastes at the same time sour and sweet, reddens litmus, decom- 
poses when evaporated in vacuo, and more quickly over the water- 
bath, into glucose and sulphuric acid, aud forms salts, almost all of 
which are soluble. 





Peligot 

Lead-salt at 170°. 



mean. 

48 C 

288 

.... 17*74 .... 

18*16 

40 H 

40 

.... 2*46 .... 

2*49 

40 O 

320 

.... 10*70 .... 


2 S03 

. 80 

.... 4*93 .... 

4*50 

8 PbO 

. 806 

.... 55*17 .... 

... 53*2 to 55*3 

C43H^ j2 S0 3 ,8Pb0 

1624 

.... 100*00 
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Ethyl-glucose. 
mm * = c i2 ii 8 o 8 j2C 4 ipo. 

Bexitiielot. i\T. A nn . i%s. 60, 103 ; Ctoi. orym, 2, 30.1 . 

Glucovinester. Produced from 1 at. dextro-glucoso and 2 at. alcohol, 
with elimination of 6 at. water: 

C 1S H I2 0 1S + 2C 4 H°O s «=C a0 II 18 O 10 + OHO. 

A mixture of cane-sugar, bromide of ethyl, and hydrate of potash 
is heated in a sealed tube to 100° for several days, and the product, 
■when cold, Is treated with ether; ethyl-glucose is thereby dissolved, 
and may bo obtained by evaporation as a colourless oil. - — lias a bitter 
taste and a faint, agreeable odour. Not volatile. 





Berthelot. 

20 C 

... 120 

.... 55*0 ... 

54*0 

18 11 

... 18 

.... 8*2 ... 

7*0 

30 O 

... 80 

.... 36-8 ... 

37*5 

(;»ii M o 10 

... 218 

.... 100*0 ... 

100*0 


'Resolved by beating with dilute sidp/iuric arid, into alcohol and 
dextro-gluooHC. — From potamo-aiprw tartrate it reduces cuprous oxide. 

Nearly insoluble in water. — Prom the ethereal solution it is almost 
completely precipitated by animal charcoal, (Bertholot), 


Hexaceto-glucose, 


Beethelot. N . Am. Ohm * i%a. 00, OB ; Ohhn , organ. 2, 275, 

Glume actttiqne. A monosaccharide of the sixth order (p. Cl 7). 

Obtained by heating glacial acetic acid with dex tn> glucose or cane- 
sugar to 100° for 50 hours, and purified like hilm tyro-glucose (p. 332). 
— Trehalose and starch at 180“, and dextrin at 100°, form with acetic add compounda 
similar to or identical with this. 

Pale yellow or colourless neutral oil, having a hitter taste and faint 
odour. 


Berthclofc. 

mean. 


36 C 

21G , 

... 52*2 . 

52*15 

22 H 

22 . 

... 5*4 . 

5*35 

22 O 

170 , 

... 42*4 . 

....... 42*50 

C*H*Q* 

..... 414 . 

... 100*0 . 

100*00 


Becomes acid in contact with the air. — Turns brown when heated, 
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and burns with an odour of caramel. — Carbonised by oil of vitriol ; 
slowly decomposed, by boiling’ with dilute sulphuric acid, into acetic acid 
and dextro-glucose, ,which is further partly resolved into humous sub- 
stances. - — With alcoholic hydrochloric acid , it forms acetate ol ethyl and 
dextro-glucose. — Ilcxaceto-glucoso reduces potassio-cupric tartrate. 

Dissolves abundantly in water, but not in all proportions, and is 
precipitated from the solution by chloride of calcium.- Solubles in 
alcohol and in ether (Bcrthelot). 


Bibutyro-glucose. 

C 29 IP 2 O u . 


Beethelot. N. Ann . Chian, Phys. GO, 9G ; Chim. organ 2, 290. 

XHbutyrinylucose. Glucose butyrique, A monosaccharide of the second order 
(p. 317) : 


C 12 H 12 0 12 + 2C 8 H 8 0‘ 1 - C 28 H 22 0 14 + 6HO. 


Formation. Produced in larger quantity from cane-sugar, dextro- 
glucose, or trehalose ; in small quantity from dextrin, by heating with 
butyric acid. Traces of the same or a similar compound are obtained 
when cotton or paper is heated with oil of vitriol and butyric acid. 

Preparation. Butyric acid is heated with cane-sugar or anhydrous 
dextro-glucose to 100° for 50 or 60 hours; the mass is exhausted with 
alcohol ; and the solution filtered and evaporated. The residue is mixed 
with concentrated aqueous carbonate of potash, a lump of caustic 
potash being added to neutralise it completely, the mixture is shaker* 
up with ether, the ethereal layer is decolorised with animal charcoal, 
and the filtrate is evaporated over the water-bath. 

Properties . Pale yellow, viscid oil which produces grease-spots on 
paper. Neutral, very bitter, with a slightly aromatic odour, Retains 
water obstinately. 


28 C 

168 . 

... 55*6 

Berthelot 

mean. 

22 H 

22 . 

... 7*3 .. 

...... 7*45 

14 O 

112 . 

... 37*1 .. 

37*00 

O2SH32014 t t 

302 . 

... 100*0 ... 

100*00 


Decomposition. 1. Burns when heated, emitting an odour of caramel. 
— 2. Carbonised by oil of vitriol , and resolved, by heating with dilute 
sulphuric acid, into butyric acid and dextro-glucose. — 3. With alcoholic 
hydrochloric acid it yields dextro-glucose and bntyrate of ethyl — 
4. Prom potas&io-cvpric tartrate, it reduces cuprous oxide. 

■. Dissolves sparingly in water, easily in alcohol and in ether . (Berthelot).. 
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Glucosuccinic Acid. 

A mixture of cane-sugar and succinic acid in equal numbers of 
atoms, heated to between 1.20° and 130°, melts to a brown syrup, with 
elimination of water. The product is an acid compound of glucose 
with succinic acid, which decomposes at 100°, with, formation, of humus, 
and forms with lime a salt soluble in water, insoluble iri alcohol, 
Sec page 250 (Van Bermmolen, Kopp’s J'ahmber. 1858, 430). 


Glucotetratartaric Acid. 

OTPO 50 . 


Beetitelot. N. Ann. Phys . Ghim, 54, 78; abstr. Gompt. rend. 45, 208; 

Ah J. Pharm. 38, 5)5 Ohm. Gaz. 1857, 44 i ; J. pr. Chern , 78, 155). 

— Ghent. organ. 2, 25)5. 

Clucolarlaric acid, belong to the monosaceharulos of the fourth order (p. 317). — 
Different from the yhicolntartaric add obtained from oaue-sugar and tartaric acid 
(p. 250), which is a monosaccharide of the second order. 

Formation: By heating dextro-glucoso with tartaric add: 
c i2 ii i2 o 12 + 4 c 8 ir ! o l - « c wo " + 1 oi r o. 

Occurrence , Appears to exist in grapes at the time of ripening. 
When. expressed grape-juice is sat unrated with chalk, filtered, strongly 
concentrated, filtered again, precipitated with 2 vol. alcohol, and the 
precipitate purified by washing with weak alcohol, re-solution in water, 
and re-precipitation with alcohol, a lime-salt is obtained which reduces 
potasMio-cviprie tartrate like gliuwtetvatartrato of lime, and is re- 
solved by acids into doxtro-glucoso and an acid which exhibits the 
character of tartaric acids. 

Preparation of the Lime-salt. An intimate mixture of equal parts of 
dextro-giueosc an d tartaric acid is heated for a day or two to 120° in an 
open vessel ; the cooled mass is triturated with carbonate of lime and a 
small quantity of water ; and the liquid is filtered. Tartrate of lime*, with, 
the excess of carbonate, then remains on the filter, while the solution 
contains the lime-salt of tiny now acid, together with excess of glucose. 
On precipitating this solution with twice its volume of alcohol, collecting 
the precipitate, washing it with dilute alcohol, dissolving in water, 
again precipitating with alcohol, and repeating the same series of 
operations a third time, the lime-salt is obtained free from sugar. It 
is dried for a week or a fortnight in vacuo, then completely by heating 
It to 110°. 

Aqueous glucotetratartaric add is obtained by decomposing the lime- 
salt with excess of oxalic acid. 

The aqueous solution of the acid and its salts Is gradually resolved, 
by boiling, into dextro- glucose and tartaric acid, the decomposition 
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being accelerated by a small quantity of sulphuric acid. — The limc- 
and magnesia-salts reduce potassio-cupric tartrate. — Not ferment- 

able. . . 

Glucotetratartaric ackl is quadri-basic. The baryta- magnesia- and 
lead-salts are obtained like the lime-salt, by using carbonate of baryta, 
magnesia, or lead, instead of carbonate of lime. The salts still retain 
water at 110°. 

Lime-salt. — White amorphous powder, 100 pts. of which reduce as 
much potassio-cupric tartrate as 23 pts. of dextro- glucose (calc, 22-5 pts.) 
After drying in vacuo, it gives off 14*1 p. c. water at 110° (15 at. = 
14*4 p. c.). 



at 110 °. 


Berthelot. 

44 C 


32-9 .... 

.... 33*2 

26 H 

.... 26 ... 

. 3*3 .... 

.... 4*3 

50 O 

.... 400 ... 

49*9 .... 

.... 49*8 

4 CaO 

.... 112 ... 

,. 13*9 .... 

.... 12-7 

C 44 H 22 Ca 4 O 50 ,4HO 

.... 802 .. 

.. 100-0 .... 

.... 100-0 


Magnesia-salt. — The salt, dried in vacuo, gives off 20*4 p. c. water 
at 110° (36 at. = 26*38 p. c.). 



ai 110 °. 


Berthelot. 

44 C 

.... 264 

.. 29-2 

30-1 

32 H 

.... 32 .., 

.. 3-5 

4-0 

56 O 

.... 448 

.. 49-6 

48-9 

8 MgO • 

.... 160 .. 

.. 17*7 

17-0 

C 44 H 22 Mg 4 O 50 ,4MgO + lOAq. 

.... 904 .. 

... lOO'O 

100-0 


Berthelot’s formula contains, by 
N. Ann. Chim. Phys. 54, 79. 

error, 4 MgO 

more. 

Chim. organ. 2, 296, and 

Lead-salts. — The acid forms, with lead-oxide, a neutral (quadri- 
basic) and an acid (bibasie) salt. The former is insoluble, or becomes 

so during preparation. 




Bibasie. — * Gives off 10*9 p, 

,c. water at 110° 

after drying in vacuo 

(12 at. = 10-76 p. c.). 




at 110°. 


Berthelot. 

44 C 

. 264-0 .... 

29-4 , 


24 H 

. 24-0 .... 

2-7 . 


48 0 

. 384*0 .... 

43-0 . 


2 PbO 

. 223*4 .... 

24-9 . 

23*1 

C H H M Pb 2 0“ 

895-4 .... 

100*0 , 

100-0 


G-lucoliexacitric Acid. 

C^IFO 92 ! 

BbRthexot. iV. Ann. Chim. Phys. 54, 81. 

Qhtcociiric acid, Glucosohemcitric acid. — Belongs to the monosaccharides of the 
sixth order (p. 317). 
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When dextro -glucose is heated with citric acid, and the product 
treated in the manner already described for tjie tartaric acid compound 
(p. 333), the lime- (or magnesia- ) salt is obtained, which reduces 
potassio-eupric tartrate, and* appears to consist of C B1 II 40 Ca lc O 02 , 4:110 
(Berthelot). 


Bibenzoyl-glueose, 

C 40 H 18 O u , 

Berthelot. W. Ann. Chim . Blips. GO, 98; CMm. organ . 2, 293. 

Libenzoylglucase, Glucose benzolquc or dibcnzoiqiic. A monosaccharide of the 
second order (p. 318). 

Obtained by beating benzoic acid with dextro-glueoso or cane- 
sugar to 100° for 50 hours, and purified like bibutyro-glucose (p. 332). 
The same (or a similar) compound is produced by heating benzoic acid with trehalose to 
180°, or with cotton to 200°, also, at ordinary temperatures, in a mixture of cotton, oil 
of vitriol, and benzoic acid; in ail cases, however, only in small quantity. 

Neutral, semi-fluid oil, which produces grease-spots on paper. 
Tastes bitter and pungent. 


40 C 

.. 240 

... 04*8 .. 

Bcvtlielot. 
64*2 

18 II 

... 18 . 

... 4*9 

5*3 

14 O 

.. 112 

... 30*3 .. 

30*5 

C- ,u H LS O u . 

... 370 , 

... 100*0 

100*0 


Bums with an odour of caramel when heated, — Carbonised by oil 
of vitnol — With, alcoholic, h/drocMonc add , at! a moderate heat, it 
yields benzoate of ethyl and dextro-glueoso. — Reduces potamo-cupric 
tartrate. 

Dissolves sparingly in water, easily in alcohol and in ether. 


Lsevo-glucose. 
C w IP0« or U“[ l“0“ 


Bouchard at. Compt. rend. 25, 274. 

Dubrunfaut. N. Ann. Chim. Blips. 21, 1G9; J . pr. Cham. 42, 418; 
Bharm. Centr. 1847, 889. — Compt . rend. 29, 51 ; abstr. Bharm. Cmir. 
1849, 043. — Compt rend . 42, 901; J. pr. Chetru 69, 438* — Compt 
rend. 42, 803; J.pr. Ohm. 69, 208. 

Links friichimcker. Occurs in gum-sugar (Schlcmzucleer) or fruit-sugar 
in an impure state, mixed sometimes with dextro-glucose or cane- 
sugar, sometimes with dextrin or gum'. It was recognised as a sub- 
stance distinct from cane-sugar, even in the last century, and examined 
by Lowitz (Crell. Ann . 1792, 1, 345), Deyeux (Scher. J. 3, 528), and 
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Proust (JV. Oehl 2, 77); but no certain mode of discrimination "was 
known, till Biot showed that the different kinds of sugar may bo dis- 
tinguished from one another by their rotatory power. Ltovo-glucose 
was first obtained in the pure state by. Dubrunfaut. 

Laevo-rotatory inverse-sugar , the mixture of lievo- and dextro- glu- 
cose in equal numbers of atoms produced by the inversion of cane- 
sugar (p. 254), was frequently mistaken for cloxtro-ghicose, or regarded 
as a peculiar sugar convertible into cane-sugar by molecular alteration, 
till its true nature was pointed out by Dubrunfaut. The following 
substances, which have been regarded as peculiar sugars, appear to 
be mixtures resembling inverse-sugar. 

a. Mitscheiiich’s Caramel Obtained by heating cane-sugar with 
a small quantity of water to a temperature somewhat above .100° in 
the chlorido-of-zinc bath. Amorphous, slightly-coloured mass, > desti- 
tute of rotatory power (Mitscherlich, Pogg. 59, 9 0). According' to 
Gelis ( Compt . rend. 48, 1062), it is perhaps a mixture of dextro-gl ucose, 
levolusan (p. 358), and losvo-glucose, produced by the action of water 
on levolusan. 

b. Ventzke’s 8 pup-sugar. Obtained by the continued boiling of an 
aqueous solution of cane-sugar between 105° and lOO 0 . Colourless 
syrup, without rotatory power, and not acquiring any by prolonged 
boiling. Under these circumstances, according to Soubeviran, inverse 
sugar is produced, which often contains unaltered cane-sugar (Venizke, 
J. pr. Chem . 25, 75). 

c. Soubeiran’s Chylariose, ox Liquid Sugar from Honey, having a rota- 
tory power \od\j = — 43*51° at the temperature of 13°. Doubtless 
Isevo-glucose, not perfectly freed from doxtro-glucoso (Souboiran, 
N. J. Pharm. 16, 252). 

d. Michaelis 5 Null- and Liuhs-teutlose. The existence of these 
sugars is inferred by Michaelis from the rotatory power of certain 
beet-juices (J.pr. Chem . 74, 385 ; Chem. Centr . 1858, 904). 


Occurrence of Leer o-glticose. — As inverse-sugar in honey, in many 
fruits and other sacchariferons vegetable organs, (pp. 339 and 305*) 
The isolated occurrence of Imvo-glucosc has not been demonstrated with 
certainty; nevertheless some kinds of apple and pour contain more 
be vo- than dextro- glucose, perhaps because the mixture of those two 
substances in equal numbers of atoms first produced by the inversion, 
of cane-sugar, has already suffered an alteration chiefly affecting the 
dextro-gfucose (Buignot, N. Ann . Chm. Phys, 61, 264). 

Formation . 1 . In the inversion of cane-sugar (p. 254) by water, 
dilute acids, yeast, or the peculiar substance of fruits, a mixture of 
l<Bvo- and dextro-glucosc is produced (Dubrunfaut). — 2. By boiling 
levulosan (p. 338) with water or dilute acids (Gelis, Conipt. rend. 48, 
1062). — 3. The sugar produced by continued heating of inulin (p. 115) 
with dilute acids, is laevo-rotatory (Biot, Ann. Chm. Phi/s. 62, 28; 
Boudiardat), and identical with Imvo-glucnse (Dubrunfaut). This sub- 
stance is likewise produced by continued beating; of inulin with water (Dubrunfaut). 
Unwashed sour yeast also converts inulin into sugar (Bouchardafc). 

„ Preparation . From Inverse sugar. When 10 grins, inverse-sugar arc 
intimately mixed with 6 gratis, hydrate of lime and 100 grms» water, 
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the mass which is liquid at first, solidifies after a certain amount of 
agitation, and yields, by strong pressure, a solution of the lime-com- 
pound of dcxtro-glucose, while the solid residue, washed and decom- 
posed with oxalic acid, yields lawo-glucose (ihibrmifauL). The inverse 
sugar occurring in fruits, may bo decomposed in like manner (Buiguot, 
JV. Ann. Ohm. PInp. 01, 270). 

The inverse sugar occurring in fmits (p. 240), may be obtained, in the absence of 
other kinds of sugar, by neutralising the juice with chalk, evaporating the filtrate, 
exhausting the residue with alcohol of 0*83, evaporating the solution, unci dehydrating 
the residue at 110°. (Buignet.) 

Properties. Colourless, uncrystallisable syrup (Pubrunfaut), amor- 
phous solid mass (JBouohardat) ; after heating to 100°, = G U3 J 1 , ia O ia . 
As sweet as cane sugar. Purgative (Pubrunfaut). Potatory power 
varying with the temperature \a]j — — - 10G° at 34°0. ; = —70*5° 
at 52°U; = — 53° at 00°C. (Pubrunfaut). The hcvo-rofcary power of 
inulin-sugar was found by Bouchardat to be at least three times as great as that of 
inverse-sugar, and likewise variable according to the temperature. Dubruufaut 
remarked that when itiulin (G 13 Ii w () l0 ,3UO) is boiled with acids, the rotatory power 
increases to •£ of its original amount, whence the calculated value of [n]) for inulin- 
sugar is — 101°, and for inulin, — 38 , 43 < \ 

The supposition that lmvo-glucose may be converted into dextro-glucose by boiling 
with acids or by molecular alteration, has been refuted by Dubruufaut. 

The rotatory power of invent ‘sugar likewise vnxios with the tem- 
perature as well as that of Imvo-gl noose, as observed by Mitseherlieh 
{Fogg. 50, 04) and Yon take (/. pr. Oheni . 23, 101) in, inverse sugar mid 
in honey. The molecular rotatory power of inverse sugar amounts, 
for C 18 il ls 0 w , to [a],y = -23° at H° 0; at 52° it is only half as 
great, at 8G° it disappears altogether, and at still higher temperatures 
the inverse sugar becomes dextro-rotatory (Dubruufaut). The mole- 
cular rotatory power, which for 0 IS II u 0 12 at 35* 0 is [«],/= — 2fi u 
decreases by 0*37° for each degree above 15* and increases by the same 
amount for each degree below (Buignet, N. Ann. Chim, Phys. (>L, 283), 
Inverse sugar heated in the water-bath contains, on the average, 
39*07 \u o. Ok, 6*67 II., and 58*30 O., corresponding to the formula 
CPJFQ 12 (Soubeiran, JV. /. Pham. 9, 357; Mitsoherlieh). 

Decompositions. Liovo-glucoso when heated yields a product 
analogous to the glucosan(p. 329) of dexiro-gluonsc, hut more easily 
(lecomposihle (Gelis, Vompi , rend. 51, 33.1 ; Zeitve.hr. Oh. Pham. 4, 57). 
Probably therefore Imvohman (Kr.), IVmvo-glucoso in contact with 
yeast undergoes vinous fermentation, without previous conversion into 
another kind of sugar, (I)uhrunfaut), — Tim other mictions of kivo -glucose 
have been studied only with fruit-sugar containing dextroglueose t they agree with those 
of dextro-glucosc. On the behaviour of inverse sugar when heated with water, see 
page 253 ; with acids (p. 254) ; in vinous fermentation (p. 274) ; in lactous fermentation 
(p. 279); and other places.— 1 “([. When sodium-amalgam is added to an aqueous 
solution of cane-sugar, inverted by the action of dilute sulphuric acid, 
the excess of acid having been removed, evolution of hydrogen entirely 
ceases as soon as the liquid has "become slightly alkaline, heat is evolved, 
and, when the action is complete, the solution is found to contain man* 
nito. (Linnemann, Ann. Pharm, 123, 130. — See Mannite.) If, 

; " Combination , With Lime. — Lmvo- glucose forms with lime a soluble 
basic compound, analogous to that o! dextro glucose, which absorbs 
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oxygen from the air and decomposes. — A second compound, containing 
3 at. lime to 1 at. lsevo-glucose, forms sparingly soluble, microscopic 
needles, and is decomposed by water when exposed to light and air, 
the whole deliquescing and the sugar undergoing decomposition 
(Dubrunfaut). 

On tlie "behaviour of inverse sugar to lead-oxide, see page 289. The compounds of 
fruit-sugar obtained by Soubeiran (N. J, Pharm. 9, 329) were obtained with inverse 
sugar or honey, and doubtless belong to dextro-glucose. (lir.) 

Lsevo-glucose is more soluble in alcohol than dextro-glucose. 


Appendix to Lcevo-glucosc. 

Lsevolusan. 

QWJpQW 


Gelis. Compt . rend. 48, 1062 ; Chem. Ccutr. 1859, 712 ; N. Ann . China 

Phys. 57, 234 ; Kopp’s Jahrester. 1859, 547. 

Saccharide. 

Seepage 247. Cane-sugar quickly heated to 160°, and kept in the 
melted state at that temperature for a moderate time, is converted into 
a mixture of equal numbers of atoms of Isevolusan and doxtro- glucose, 
the latter of which may be removed by fermentation. The remaining 
liquid (which has a dextro-rotatory power [cC\j = 15° for C ia II I0 O 10 ) 
leaves, when evaporated, a syrup, which does not crystallise even when 
kept for years, but contains lsevolusan partly unaltered, partly meta- 
morphosed. 

Lmvolusan is converted by boiling water and by dilute acids t into a 
fermentable Isevo -rotatory sugar, which reduces copper-solution and 
is probably identical with kcvo-glucose. 


Maltose. 

Biot. Compt. rend. 15, 710 ; 42, 351. 

Dubktjnfaiit. N. Ann. Chim , Phys. 21, 178 ; J. pr. Chem . 42, 441 ; 
abstr. Lieb. Kopp. Jahresber. 1847, 793. 

The sugar produced from starch-paste by the action bf malt (or 
diastase p. 90) is, according to Dubrunfaut, different from dextro-glu- 
cose. It is the first fermentable product formed from starch-paste by 
the action of acids, or the last formed by the action of glutin or by 
spontaneous decomposition (p. 91) (Dubrunfaut); Guerin-Varry (Ann. 
Chim . Phys. 60, 32) (who however did not determine its rotatory power), could not 
perceive that the sugar formed with diastase differed in any respect from dextro-glucose. 

The molecular rotatory power of a sugar prepared by Jacquelain, 
by heating starch in a Papin’s digester with fa oxalic acid, was found 
by Biot to be \a]j = 100*6°. According to Dubrunfaut, this sugar 
was a mixture of maltose and dextro-glucose. The sugar from a false 
manna mentioned on page 305 might also, according to Biot, be referred 
to this head. 
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Maltose is prepared from starch-paste by the action of malt (some- 
what in the manner described at page 3X1), and purified with alcohol. 
— Forms crystals similar to those of dextro-glucose, but with a mole- 
cular rotatory power three times as great, and not stronger in a 
recently prepared solution than after the lapse of several hours. 
Hence it does not exhibit the bi-rotation of dextro-glucose mentioned at page 314. — 
It expands in crystallising.— It is converted into dextro-glucose by 
boiling with dilute sulphuric acid.— By aqueous alkalis it is not quite so 
easily altered as dextro-glucose. — By fermentation it yields as much 
alcohol as dextro-glucose, without previous conversion into that sub- 
stance. When a mixture of dextro-glucose and maltose is fermented, 
both kinds of sugar are decomposed simultaneously, not one before 
the other. — Maltose is somewhat less soluble in alcohol than dextro- 
glucose (Comp. Saussure's observations, p. 308). (Dubrunfaut.) 


Mannitose. 

Qli IP0 W . 

Gorut-Besanez. Ann. Pharm. 118, 273. 

When mannite is oxidised under the influence of platinum -black, 
carbonic acid, formic acid, mannitie acid, (O w l L w O u vid. inf.) an vm fer- 
mentable substance and a fermentable sugar (mannitose) arc produced. 
The last of these substances, which has not been obtained in the sepa- 
rate state is distinguished from dextro-glucose by the fact that it does 
not exhibit any molecular rotatory power, even in concentrated aqueous 
solution. 

In the preparation of mannitie acid by leaving a moist mixture of 
1 pt. mannite and 2 pts. platinum-black in contact with the air at a 
temperature between 30 w and 40°, and lixiviating the resulting acid 
mass with, water, a solution is formed containing mannitie acid, the 
unfenncntable substance, and mannitose; and on precipitating the 
mannitie acid with basic acetate of lead, and treating the filtrate with 
hydrosulphuric acid, the unfermcn table substance and the mannitose 
remain in the filtered liquid, and are obtained by evaporation, as a 
mixture, winch, however, is difficult to free from acetic acid; hence, to 
prepare the latter substance, it is better to heat the aqueous solution of 
the apid mass with carbonate of lime, filter when the neutralisation is 
complete, and precipitate with alcohol. The liquid filtered from pre- 
cipitated marmitate of lime, if concentrated to a certain, extent, further 
precipitated with alcohol, and then completely evaporated, leaves a 
yellow syrup which cannot be made to crystallise, even after decolora- 
tion with animal charcoal, but if evaporated in vacuo, and finally at 
100°, appears as an amorphous gum. 

This guru may be regarded as a mixture of about one-third man- 
nitose and two- thirds of an unfermeniablo substance perhaps indentieal 
with mannitan. The gum contains 43*00 p. c. carbon, 0*92 hydrogen, and 
50-02 oxygen, corresponding perhaps to the formula C IS 1I 12 0 12 ,20 15! I1 W 0 W 
(calc. 42*52 0., 7'08 1L, 50*40 0.). It does not produce the least deflec- 
tion of the plane of polarisation, even in concentrated solution ; it 
exhibits with alkali?, with cupric oxide and potash, with basic nitrate of 
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bismuth , carbonate of soda , and other reagents, the same behaviour as 
dextvo- glucose, but is not capable of uniting* with chloride of sodium , 
Its alcoholic solution mixed with alcoholic potash forms a semi-fluid 
yellow precipitate containing 11*27 p. c. potash, corresponding to the 
formula 2C 12 H 12 0 12 .K0. — The quantity of carbonic acid evolved in. the 
vinous fermentation of this gum — which is easily set up — as well as 
the amount of potassio-cnpric tartrate which it is capable of reducing, 
shows that it must contain a quantity of mannitosc, equivalent to 
32*56 p. c. dextro-glucose. If the mannitosc be decomposed by fer- 
mentation, the unfermentable substance remains, on evaporation, as a 
yellow-brown neutral varnish having a faint taste, soluble in water 
and in alcohol, insoluble in ether, and emitting an odour of caramel 
when burned. (Gorup-Besancz). 


Appendix to Dcxivo-ghcose and the Allied Sugars. 

General View of the Glucosides. 

Succharides (Berthelot), (Saccharogem, p. 309) — They occur both in the 
vegetable and in the animal kingdom. 

Formation. None of the naturally occurring glucosides have been 
prepared artificially ; but Berthelot has obtained compounds analogous 
to the glucosides (see Saccharides , p. 31G), and Hlasiwetz has ob- 
tained from phloretic acid and phlorogducin a product corresponding to 
phloretin, but containing the proximate constituents in different pro- 
portions. 

Laurent’s views on the composition of glucosides, see Compi . rend. 31, 353 j 
35, 163; N. Ann. Ckhn. Phys. 36, 330 ; for Delffs’ formulte, see N. Jahrb. P/iarm. 
11, 356 ; Walz’s N. Jahrb . Phami. 11, 358. 

Decompositions . The resolution of glucosides into glucose, or a cor- 
responding product, and a second body, takes place for the most part 
on boiling with dilute mineral acids. Or it is produced by heating the 
glucosidc with aqueous alkalis or baryta-water \ In this latter case, 
according to Rochleder (Wien. Ahad. Ber. 24, 32), erystallisablo sugar 
is sometimes obtained, whereas the decomposition with acids yields 
only uncrystallisabie sugar. — Or the separation, is effected at mean 
temperature, and in presence of water, by nitrogenous substances 
occurring either in the same plants as the glucosides, or in others. 
Emulsin decomposes amygdalin and many other glucosides; my rosin 
decomposes myronic acid; erythrozym decomposes rubian. — Some 
glucosides are likewise decomposed by yeast and by saliva. The 
products of the decomposition are often further altered by the action 
of the air or of the acid employed. 

For the separation * of the decomposition-products from the gluco- 
sides, Kochleder (Wien. Akad. Ber. 24, 34) gives the following method. 
The substance, contained in a flask, is treated with dilute hydrochloric 
acid; the flask is connected, on the one side with a carbonic acid 
apparatus^ on the other with a Liebig’s condensing tube. The air 
contained in the flask is displaced by carbonic acid, and the flask Is 
heated in the water-bath, or, if necessary, in a chloride of calcium 
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bath. As soon as the decomposition is complete, the contents of the 
flask are left to cool in a stream of carbonic acid; any product that 
may have separated out is collected ; and the filtrate containing the 
sugar, hydrochloric acid, and sometimes other soluble products oi the 
decomposition, is mixed with pure carbonate of lead, the addition of 
whicli is continued as long as effervescence ensues, after which it 
is warmed and white lead (prepared by precipitating basic acetate 
of lead with carbonic acid gas, and washing) is added, whereby 
basic chloride of lead is precipitated. The precipitate is collected on a 
filter and carefully washed; moist phosphate of silver is added to the 
filtrate as long as any reaction ensues between this salt and the dis- 
solved chloride of lead, and till the yellow colour of the phosphate of 
silver remains visible. The liquid is then filtered ; any silver that may 
be dissolved in the filtrate is precipitated with a very small quantity 
of white lead; the liquid is heated till the white colour of the preci- 
pitate passes into cream-colour, then cooled, filtered, treated with 
hydrosulphuric acid, and filtered again, and the filtrate is evaporated. 
Colourless sugar then remains, in case such sugar was formed by the 
decomposition of the gluoosidos, whilst the second docoinposition- 
produet, even if originally soluble in water, is generally rendered 
insoluble by the white lead. 

The distilled liquid obtained by heating a gluooside with hydro- 
chloric acid, contains, together with hydrochloric acid, any volatile 
product that may have been formed in the decomposition, if is neu- 
tralised with baryta or carbonate of baryta, heated to decompose 
acid carbonate of baryta, concentrated by evaporation, the grcaler 
part of the chloride of’ barium removed by crystallisation, the rest by 
sulphate of silver, and the filtrate further examined, 


Acsculin is resolved, by heating with dilute acids, into msculetiu 
and sugar s 

CW + 3H0‘ - 2OTPO* * 1 - 2C»U»0». (Roclitedcr & Schwarto.) 

Zwongor and Delffs give other formulae 

The sugar forms crystals, which melt at TOO", are sweeter Ilian 
grape-sugar, and, like that substance, reduce potassio-cuprie tartrate. 
According to earlier analyses by Kochlcdor & Schwarts* (147 m, A hid. 
Her, 10, 70), it contains, at J 00°, 37*71 p. o. carbon, Gd)2 hydrogen, 
and 55*37 oxygen, corresponding to the formula 1,0 ; accord- 

ing to their more recent analyses ( Wkn. Afoul Jkr, 11, 334), it con- 
tains, at 100°, 40*50 p. c. 0., 7'38 If,, and 52*12 0, agreeing with the 
formula 0 12 I1 12 0 13 . It is fermentable. 

Arnygdcdin, in contact with enmlsm and water, is resolved into 
sugar, bitter-almond oil, and hydrocyanic acid : 

WHW + 4 HQ - 2C U H»0“ + C W IW + CTOL (Liebig k WOlilcr, 1837.) 

The sugar thus produced is identical in every respect with, doxtro- 
glucose (0. Schmidt). 

boiled with dilute acids, is decomposed, with separation of 
flocks, The filtrate, freed from acid, loaves, on evaporation, a sweetish 
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syrup, which, when boiled with potassio- cupric tartrate, deposits 
cuprous oxide, but docs not give oh the odour of caramel when burnt, 
does not ferment in contact with yeast, cannot be made to crystallise, 
and dissolves but partially in alcohol, with separation of yellow flocks. 
Von Planta & Wallace cannot see in these results any evidence of decomposition, and 
therefore do not regard apiin as a glucoside. 

Arbutin (C 24 Ii 18 O u ), boiled with dilute acids, or in contact with 
emulsin, is resolved into hyclrokinonc (Kawalier’s arctuviu) and 
grape-sugar (Kawalier) : 

C 24 H 16 Q 14 + 2HO - C 12 H c 0 4 + C 12 H 12 0 12 . (Strecker.) 

The sugar forms crystals which exhibit the properties of grape-sugar, 
and when dried at 100° or in vacuo, contain 30*04 p. c. carb., 7*05 hyd., 
and 50*31 ox., corresponding to the formula C 12 II u O u (Kawalier, Wien. 
AJcad.Ber. 9,293). 

Arnicin, (C 70 H M O u , or C 48 II 38 0 10 ) is decomposed by heating with dilute 
acids, with separatioji of dark Hocks and formation of a substance 
which reduces cupric oxide (Walz). 

Benzohelicin is resolved by boiling with dilute acids or aqueous 
alkalis (not by emulsin), into benzoic acid, salicylous acid, and grape- 
sugar : 

C 40H2°O lfl + 4 HO * C u H 6 0 4 + C 14 H s 0 4 + C 12 IF 2 0 12 . (Piria.) 

Bryonin is resolved, by boiling with dilute acids, into bryorctin, 
kydrobryotin, and sugar : 

C 9C H S0 0 33 + 4HO = C 42 H 35 0 14 + C 42 H^0 1S + C 12 H 12 0* 2 . (Walz.) 

Cdincin (C 32 H 26 0 14 ) is resolved, in like manner, into chiococcaic acid 
and sugar (Rochleder & Hlasiwetz). 

CUtin, boiled for 12 hours, or longer, with a mixture of 1 vol. oil of 
vitriol and 4 voL water, is resolved, with evolution of ammonia, into 
amorphous sugar and a second body not yet isolated. Perhaps in this 
manner : 


C 1S NH 15 0 42 + 4HO » C 13 H 12 0 13 + C«NIF0 4 , (Stadeler.) 

The sugar is fermentable, and reduces cupric tartrate (Berthe, lot, 
Compt. rend. 47, 230). 

Colocynthin is resolved, by boiling with dilute acids, into polo- 
cynthein and sugar : 

CS6H42Q33 + 2HO * C^H^O 13 + C 12 H 12 0 13 . (Walz.) 

Convallann, is decomposed in like manner into convallarctin and 
sugar : 

2C 34 H 3I O n + 2PIO = 2C 2S H 2 S O b + C 12 II 12 0 13 . (Walz.) 

ConmUamann yields under the same circumstances, convallamaretin 
and sugar : 

C 48 H 44 0 24 = C 40 H 3G Q 16 + 4C 12 H 12 0 13 + 2IIO. (Walz.) 

Convolvulm and ConvolvuUc acid are resolved, by oil of vitriol or 
alcoholic hydrochloric acid, the former with assumption of 5 at., the 
latter, of 2 at. water, into convolvulinol and sugar ; 
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C«H330 m + 8110 « C* r, I;P 5 07 + 3C 12 II 1S 0 13 . (W. Moyer, Kayscr.) 

Convolvulic acid. 

Convolvulin-mgar. — When Kayscr (Ann. Pham^ 51, 08) decom- 
posed convolvnliu by passing* hydrochloric acid gas into tint alcoholic 
solution, and, after leaving the mixture to itself for 10 days, extruded 
the resulting convolvtilinol with ether, there remained an acid liquid, 
which was neutralised with carbonate of lead, filtered and evaporated. 
From the residue, absolute alcohol extracted a sticky translucent 
sweetish mass, which reduced cupric oxide, yielded crystals when 
brought into contact with common salt, fermented with, yeast, and 
exhaled the odour of sugar when burnt on platinum-foil. — Mayer, 
after decomposing convolvulic acid with dilute sulphuric acid, and 
removing the convolvulinol, saturated the liquid with carbonate of 
lead, treated the filtrate with sulphuretted hydrogen, evaporated it to 
j\, removed the separated couvolvulin by agitation with ether, 
evaporated further, and thus obtained a brown sweetish syrup, which 
behaved like grape-sugar, when burnt, also with an alkaline cupric 
solution, with bile, with sulphuric acid, with water, and with alcohol 
whether aqueous or absolute, but did not form a crystalline compound 
with common salt, and could not itself be made to crystallise. This 
syrup mixed in alcoholic solution with an alcoholic solution of baryta, 
not in excess, formed a precipitate composed like monoglucosate of 
baryta (p. 328). (Mayer, Ann. Pharm. 83, K)S). 

Groom is resolved by dilute acids into crocotin and crodu-sugar ; 

JIIO \ 4J1IO « OdPO 11 + 2C 12 I1 1S (R 

Crocm-sugar , obtained by decomposing crocin in the manner 
described above, is easily crystallisable, sweet, and reduces from 
potassio-cuprio tartrate, half as much cuprous oxide as dextro-gliieoso 
(Rochleder & L. Mayer, Wun. A had Par. 2i), 0). 

Gydamin solidifies when heated with aqueous hydrochloric acid, 
with formation of sugar and separation of a second product. (Do 
Luca.) 

Jkqrfmm m resolved by boiling with dilute acids, into daphnotin and 
sugar j 

0«a*O* + 4IIO « CWHM0» 4* 2C 12 HW (Zwongcr.) 

Datisem , treated in the same manner, yields datiscoiiu and sugar: 

0«U»0» «* C»H»QW + C MIIW*. (Stenhowicu) 

The sugar is obtained by evaporation, after removal of the datis- 
cetin and the sulphuric acid, as a sweet; syrup, which solidifies in the 
semi-crystalline form after standing for some time, and reduces 
potassio-cupric tartrate at 100° (Stenhouse, Ann. Pharm, 08, 171). 

Whiz's Bigitalin is resolved by boiling with dilute sulphuric acid, 
into digitalirotin, paradigitalctin and sugar. Walss supposes the re- 
action to consist of two stages : a. Resolution of digitalhi into 
digitaletin and sugar : 

+ 2 HO « C 4 TP R 0 18 4- OTff»0». 

b. Further ’decomposition of the digitaletin, ‘partly, with abstraction 
of 4 at. HO, into paradigitalctin, partly into digitalirotin and sugar : 

CfH^O 18 » C^lFO 1 4-' C W I1 12 Q 13 , 
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Walz’s digitaletin decomposed by dilute acids yields the products above 
mentioned (Walz, Delffs). Kosmann’s digitalin and digit* die, acid, 
which differ from W alz’s compound in composition and properties, are 
resolved by dilute acids into digitalirclm (which however is not the 
same as W alz’s) and sugar. Decomposition of digitalin : 

C 5t li 43 0 3 ° + 4HQ - C 3t) H 2r '0 10 + 2C 12 H 13 0 12 . (Kosmann.) 

Euxanthic acid (C' 12 .II 18 0 22 : Erdmann) is, according to W. Schmid (Aim 
Pham. 93, 38) a glucoside, which is decomposed by oil of vitriol into 
cuxanthone and sugar. According to Erdmann, the products formed 
in this reaction are cuxanthone and hamatliionic acid (lead-salt = 
C 1{ IF0«S0 3 ,3Pb0) ; on the other hand, euxanthic acid decomposed by 
heat yields cuxanthone C 4 °II 12 0 13 , carbonic acid and water. The latter 
decomposition, as well as the formulae of euxanthic acid and cuxan- 
thone,* is inconsistent with Schmid’s supposition ; nevertheless 
Erdmann’s hamatliionic acid bears some resemblance to sulphamidonio 
acid and other compounds of like nature. (Kr.) 

Fmxin heated with acids yields fraxetin and crystallisable sugar: 

C 54 H 30 O 31 + 6IXO = C 30 fI 12 O 1G + 2C B H B 0 U . (RocMedcr.) 

Gallo-tannin is resolved by boiling with acids into gallic acid and 
glucose : 

C 54 H 22 0 34 + 8H0 a 3C 14 H G 0 10 + C 12 H 12 0 12 . (Streeter.) 

For observations of contrary tendency see gallo-tannin. — The sugar exhibits 
the reactions and composition of dextro-glucose. (Stocker, Ann. Pharm. 
90, 331.) 

- By heating* 50 grin, gallotanninwith 50 grm. oil of vitriol and 450 gun. 
water to 90° for three days, and filtering off the gallic acid, a black 
saccharine solution is obtained, which when neutralised with carbonate 
of lead, mixed with a slight excess of neutral acetate of lead, concen- 
trated , freed from lead by sulphuretted hydrogen and decolorised by 
animal charcoal, agrees perfectly with grape-sugar in rotatory power, 
fermentation and reaction with potassio-cupric tartrate. (Buignet, N. 
Ann. Chim. Pkys . 61, 287.) 

The iodine-compound of a tannin occurring in sweet fruits is likewise 
decomposed, with formation of dextro-glucose, by boiling with dilute 
sulphuric acid. (Buignet.) 

Gelatin , — When isinglass is boiled for some days with dilute 
sulphuric acid, sulphate of ammonia is formed together with a fer- 
mentable sugar. (Gerhardt, Trade 4, 509). Hyaline cartilage and 
rib-cartilage, boiled with hydrochloric acid, yield* large quantities of 
glucose (Ei seller & Bodeker, Ann. Pharm. 117, 111). 

Globulariti , boiled with dilute sulphuric acid, yields globtilareihi 
(part of which changes into paraglobularetin 0 24 il u 0 c [p. 39]) and 
sugar : 

C*»H 4J 0* = 2C 24 H 1C 0 8 + C 12 H 12 0 13 . (Wala.) 

Glycyrrhizm is resolved, when its aqueous solution is boiled with 
hydrochloric acid, into glycyrretin and glucose. PerJiaps in this 
manner. 

C 4 TFCF + 2UO « C 3 'U :fi O‘ ? + COT-W 
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The uncryslallisablo sugar exhibits the char actors of grape-sugar 
(Gorup-Besaiiez). Rotatory power not determined. 

GmiioHn is resolved, by boiling with dilate sulphuric acid, into 
grata >le tin, gratiolarotin and sugar: 

2C*H !M O u « C 3, U s 0 10 + cm^G* + C ,2 H l2 0 12 . (Wills. 

Gratioletin. G ratioUiretin . 

Gnitmolin in contact with aqueous acids or alkalis is resolved into 
gratiosoletm and sugar ; 

2C w II t2 0'- 5 = 2C' 10 II 3, O 17 4- C 12 II 12 0 12 4- 4HO. 

Tlio (jrulhmktiu thus formed is further resolved by boiling into hydro - 
gratiosolarctin and sugar: 

2C 4(, IF 1 D 1 ' = 2C 21 H- H O n 4- 0 12 n 12 0 J2 . 

Part of the hydrogratiosolcretin is further converted, with elimination 
of 2 at. water, into gratiosoleretm, 0 84 II ac 0 9 . (Walz.) 

JfeiumtJuc acid This name is applied by Ludwig & Kromayer 
(.Ah Mr, Arch, 1)9, 1, and 285) to a substance, obtained from the seed of 
tins sunflower (JfeUmihnt annua, *), which is insoluble in cold water and 
in alcohol, not fermentable, and reduces potassio-eupno lartrate only 
after boiling with acids. 

Jlelicin heated with acids or alkalis, or in contact with emulsin or 
yeast, is resolved into salicylous acid (xii, 235) and d ex tro- glucose: 

oti»<’O w + 2 no - c w u«o* + cwu«o«. (pwo.); 

The complete identity of this sugar with dextro-glucosc is shown 
by Schmidt’s experiments on saliein -sugar. — Cklorhdiciti (0 2G GIU 15 0 14 ) 
exhibits a similar reaction, yielding, however, ehloro-salioylcms 
(xii, 294) instead of salicylous acid. (Pina.) 

Jlelico’idin is resolved by emulsin into saligenin, salicylous acid and 
glucose: 

C®H«0» 4- 4110 « CWCP 4- CFHW + 2C 12 JP 2 0 12 . (Pina.) 

Indican is resolved by acids or alkalis, indtcanin by acids, into indi- 
glucin (p* 802) and other products, (ttchunek.) Bvdndkav, 

Jatappin in contact with dilute mineral acids is resolved in jalap- 
piiiol and sugar : 

C^iFO* + imo « OlFO? 4* 3C K U“0». 

Julappie add , which, contains 8 at. water more, is decomposed in like 
manner, with assumption of 8 at. water, (W, Mayor.) 

Kinovin is resolved by alcoholic hydrochloric add into kinovio acid 
and kino vin-sugar: 

C®°H 4H 0 lc 4* 2110 * CWFW + C ls IP 2 O l0 . (UlmimU,) 

Kmovin-svgar is obtained from the alcohol containing hydrochloric 
acid after separation of the kinovic acid, cither by Koclde dor’s 
method (p, 840), or as follows : The liquid is neutralised with anhy- 
drous carbonate of soda (or carbonate of lead), and filtered ; the pre- 
cipitate washed with a small quantity of strong alcohol 5 the alcohol 
distilled off; and the remaining liquid evaporated to dryness over the 
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water-bath. The thick residue is dissolved in water, the solution, 
filtered from the undissolved portion, is evaporated, and the residue is 
digested in absolute alcohol. The alcoholic solution, when evaporated 
leaves the kinovin-sugar, to he purified, if necessary, by re-solution 
and decoloration with animal charcoal. — Amorphous, solid, deliques- 
cent mass, having* a faint, somewhat hitter taste. Gives off water 
when continuously heated over the water-bath. Dried at 100°, it 
contains 43*34 p. c. carbon, 7*72 hydrogen, and 48*94 oxygen, answer- 
ing to the formula C I3 JEL 12 0 10 . It is isomeric or identical with raaimiian. 
Smells like caramel when heated. Reduces potassio-cupric tartrate 
only in concentrated solution. Dissolves completely in alcohol 
(Hlasiwctz, Ann. Pharm. Ill, 118.) 

Kinovatamic acid is resolved, by boiling with dilute sulphuric acid, 
into kinova-red, and a substance which behaves with cupric sulphate 
and potash-ley like grape-sugar. (Illasiwetz.) 

The Lycopodium-bitter of Kamp & Bodekcr reduces potassio-cupric 
tartrate after boiling with dilute acids, but not in its unaltered state, 
and should therefore perhaps be regarded as a glacoskkn 

Menyanthin , boiled with dilute sulphuric acid is resolved into sugar and 
an oil which smells like bitter almonds. (Ludwig, N. Br . Arch 108, 84.) 

Myronate of potash is decomposed in contact with myrosyn (x, 54) 
and water, yielding oil of mustard, sugar, and other products. (Ludwig 
k Lange, Zeitsch \ Ch. Pharm. 3, 577.) The formula O 20 NII 10 S 4 O 18 ,KU 
( = C 8 NH 6 3 2 + KO,S 2 G 4 + C 12 H I4 0 u ) given by Ludwig & Lange, is, 
according to Will & Korner (Ann. Pharm. 119, 37(>), more correctly 
C 20 NH 18 £S 4 0 20 and contains the elements of oil of mustard 0 8 NH fl 3 3 , 
glucose C 12 H 12 0 12 and .bisulphate of potash S 2 KII0 8 . Ludwig k Lange 
also found sulphate of potash among the products of the reaction, but 
no sulphite. 

Ononin is resolved by boiling with dilute acids, into formonetin and 
glucose, (Hlasiwetz) : 

C°°I-I 3< 0 2 * « C 48 H 20 O 12 + C 12 H 12 0 12 + 2IIO. 

Onospin is resolved under similar circumstances into ononotin and 
sugar (Hlasiwetz) : 

p 58 IP l 0 24 + C 12 H»0,w 

Such is the view of the reaction given by Limpricht (Grundr. d. org. Ckm . 13mm- 
schw. 1854, 680.) For Hlasiwetz's formulae, see Ononin. 

The sugar formed from ononin and onospin by the action of dilute 
sulphuric acid, remains in solution after the second product of the 
decomposition has been removed by filtration, the sulphuric acid by 
carbonate of lead, and the excess of lead by sulphuretted hydrogen,, 
and is obtained by evaporation as a very sweet fermentable syrup, in 
which granular crystals form after a few days. These crystals molt 
sit the heat of the water-bath, to a viscid syrup, which remains soft 
after a day’s drying and exhibits all the reactions of grape-sugar. 
(Hlasiwetz, Wien. A Lad. Per. 15, 153.) Ilotatory power not examined. 

Pamtyphnm boiled with dilute sulphuric acid is resolved into paridin 
and sugar ; 


C'W 4 0 38 + 4 HO ~ C M H r,(5 0 E3 *f C 13 H 13 0 12 . 
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The paridin thus produced in resolved, by boiling with a larger* quantity 
of dilute sulphuric acid'( ? ), into paridol and sugar : 

C^H^O® + 2IIO = C 0, H ,fi O ls + C 12 II l2 0 12 . (Walz.) 

Phihjnn is resolved by boiling with dilute hydrochloric acid into 
philygenin and grape-sugar; bylactous fermentation, into philygenin 
and the products of the decomposition of grape-sugar: 

C M IP*0 22 + 2110 « C B n w 0 ls + C ,2 IP-0 ] % (Rertagmni.) 

From the solution freed from philygenin and hydrochloric acid (by car- 
bonate of lead), the sugar crystallises, after evaporation and re-solution 
in alcohol, in warty masses exhibiting the properties of grape-sugar, 
(Bertagnini, Ann, Pharm . 92, 110,) 

Phlorhizin is decomposed by dilute acids, not by emulsin, yielding 
phlorctin and sugar (Stas) : 

C«H*0» + 2H0 = 0»H M 0» + (Stacker.) 

Phlorctin boiled with alkalis is resolved into phloretic acid (xiii, 808) 
and phlorogluoin (p. 00) : 

C»II»0“ + 2110 - OTPO’ + C 12 H n O rt , (Tllasiwctx.) 

Phlorhizin-sugar is difficult to crystallise, and (exhibits the proper- 
ties and composition of cryntallisable grape-sugar. (Stas, Ann. Pharm . 
80, 200.) It reduces the name quantity of cupric oxide as dextro-glu- 
cosc. (Rosor, Ann. Pharm. 74, 178.) 

Pimpicrin splits up into ericinol and sugar when its aqueous solu- 
tion is heated with acids: 

C«IPB0» + 4HO » C"n M 0* + 2C 12 H ,2 0 12 . (Kawalier.) 

Erit'.olin treated with dilute acids yields the same products in other 
proportions ; 

OTI fiS 0« + mo rn OTI^O* + 4C 12 H l2 0 12 . (Rochloclcr & Schwarz.) 

The sugar produced from pinipicrin is rendered uucrystalti sable by 
the foreign! guhstaucos contained in it ; at 1 00° it becomes' soft ; at com- 
mon. temperature it is solid and brittle, and is easily reduced to a 
yellowish powder containing 2 p. o. ash, and after deduction of this, 
891)0 p. c. 0„ 01J2 XL, and 54*82 0*, corresponding approximately to 
the formula C la IJL l H) ,a . (Kawalier, Wim, A had. Per, 11, 852.) 

Populin , when boiled with* dilute acids, splits up info benzoic acid, 
saliretm and glucose (Pina) s 

C*°H**O w + 200 a CJMIPO 4 + C M IT 6 0* 4* C»Jt ,s O». 

Prophetin is decomposed by ebullition with hydrochloric acid into 
prophcrctm and sugar : 

C<®H*0> 4 „ emm' + 4Cm«G l *. 

Quercitrin is decomposed by dilute sulphuric acid into quercetin and 
quercitrin-sugar (Rigaud) ; 

OTW 0 + 4HO * C«HW + ycnWQK (Hlasiwdx) 

Quercetin is further decomposed by boiling with potash-ley into 
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.quercetic acid and phloroglueiu (p. G5). (ILlasiweiz.) The same pro- 
ducts arc obtained, but in different proportions by the decomposition 
of Alpha-quercetin : 

CssrW 1 + 4HO = C 3, H 12 O w + 2C 12 IPO'h (IXlusiwetss.) 

QuercUrin-siigar is obtained as a light-yellow syrup, which solidities 
in a crystalline mass on standing* for a few days over sulphuric add, 
by filtering* off the quercetin, separating* the sulphuric acid by car- 
bonate of baryta, evaporating* on the water-bath, decolorising with 
animal charcoal, and again evaporating*. It lias a sweeter taste than 
dextro- glucose. Does not rotate the plane of polarisation. Dried in 
vacuo, it contains 84*78 p. c. 0., 7*24 II., and 57*08 0., corresponding 
to the formula C 15 TI 12 0 12 ,3H0 (calc. : 34*65 p. o.'(J., 7*47 II.) When 
warmed with potassio-cupric tartrate, it immediately reduces the same 
quantity of cuprous oxide as would be reduced by doxtro-glucose. 
(Kigaud, Ann. Pharm. 00, 195.) 

Schunck’s Rubiemic acid splits up into alizarin and sugar when boiled 
with dilute sulphuric acid, or with aqueous alkalis, or by contact with 
water and crythrozym. C e2 Il 29 CF + 5IIO == 2C 14 II 6 O d (Alizarin, accord- 
ing to Schunck ; see xiv, 137) + 2C 12 lPO l8 .~ Eochlcder’s Huber jjihric add , 
0 7 ~IP0 40 or C 5G IP0 31 , perhaps identical with the last substance, yields 
the same products when heated with hydrochloric acid. C 72 JI d0 O d(> = 
BC^O 6 -f C 12 H 12 0 12 + 10HO, or C 6G II 3l 0 31 = 2C 2 °n c 0 G + C 1S ID 2 0 12 

+ SHO. (Roclileder.) * 

In the complicated decomposition of Schunck’s Bahian by the same 
reagents and by chlorine, sugar is obtained together with various 
other bodies, liabihydran and Rubidehydran beliavo in the same way. 
(Schunck.) 

Salicin is decomposed into saligenin (xii, 233) and glucose by con- 
tact with emulsin : 

C2GRis 0 u + 2IIO = C ld H*0‘ + C I2 H I2 0 12 . (Pina.) 

The sugar is in every respect identical with dextro-glucosc. (Schmidt.) 
By boiling with dilute acids, saliretin is obtained in place of saligenin 
(xii, 232). (Piria.) 

Saponin is decomposed into sapogenin and saponin-sugar or glucose, 
when boiled with dilute acids. (Overbook; Itochleder & Schwarz, see 
p. 54.) ^ See Saponin for the conjectural equation of decomposition.) Senegin 
(isomeric with saponin, according to Bolley) yields, besides sapogeniu, a 
substance which reduces potassio-cupric tartrate. (Bolley.) 

Saponin-suyar remains in solution after the' sapogenin has been 
filtered off, the acid removed by carbonate or oxide of lead, and (he 
excess of lead by hydrosulphuric acid ; and, by treatment with animal 
charcoal and evaporation, is obtained as a tasteless, yellowish brown 
residue, easily soluble in water. (Rochlodor & Schwarz, Wiau A had, 
Rer, II, 339.)— When saponin is decomposed with, dilute sulphuric 
acid, glucose remains iu solution after removal of the excess of acid, 
and may be obtained crystallised by evaporation. It has a sweet taste, 
and reduces an alkaline solution of cupric oxide in the cold. (Overbook, 
W. Br. Arch . 77, 135.) Bolley did not succeed in determining saponin- 
sugar (by means of an alkaline solution of cupric oKido ?). {Amt, Pharm. 
91, J20.) Orawfurd obtained gum, but no sugar, from saponin, by 
means of dilute sulphuric acid, {/harm, llnldj. 0, — Saponiii* 
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sugar dried at 100° contains, according to Koehlcder & Schwarz, 
41*99 p. c. (L } 0*55 II., and 51*40 0., corresponding to the formula 
(MI 11 0“ 

Sccmnionij-rcsm (0 68 JF‘0 33 ) and foam muni n arid (0 M J L M 0 3a 3TI0) split 
up into scammonolic acid and sugar when boiled with dilute acids (or 
with baryta-water) : 

cfflUMos + ioiio « otw + 3c«u»o w . 

Like jalapin (p. 345), therefore, but with tho difference that, instead of 
the product corresponding to jalappinal (which is converted by strong 
bases into jaiappio acid), a product containing 1 at. water less is 
formed. (Spirgatis. — On tho (highly probable) identity of scammony-resin with 
jalappin, sec the compounds with 32 at. carbon.) 

The sugar remains in solution after separation of the scammonolic 
and sulphuric acids, and can bo obtained in sweet-tasting 1 ami me 
grouped in cauliflower-like shapes, which behave like glucose with 
sulphate of copper and potash-ley, when heated, and when fermented. 
(Spirgatis, Ann. Pit arm. 110, 805.) 

Smilacin is slowly decomposed when boiled with hydrochloric acid, 
with separation of a jelly and formation of sugar. (O. Gmolin, Delffs, 
Walz.) 

Soiamri splits up into solanidiu and glucose, when boiled with dilute 
acids : 

CWNKPO® + CIIO =* C“NII‘ w 0 4 + 3C w II ls O ia . (Zwcnger & Kind, (). Gmclin.) 

The sugar crytallises wdl, and possesses the reactions and com- 
positions of dextro-giueose. (/avenger & Kind, Ann. Pharni. 1 18, 149.) 
.Rotatory power not determined. 

Thujin is decomposed, by heating its alcoholic solution with dilute 
acids, into thujetin and sugar: 

+ 4 HO » 0«H w O“ + C 12 IP*0 13 . 

’When it is heated for a shorter time, thujinenin C 28 II 1S 0 W may also be 
formed in place of the thujetin.— Thujin, heated with baryta- water, 
yields. thujotie acid and sugar: 

C^ltao* + IIO « cwiino 1 * + OTBflm (RoclMor & Kawalicr.) 

When thujin lias been decomposed by acids, the sugar remains in 
solution after removal of the tlmjciin and sulphuric acid (by carbonate 
of baryta), and, by evaporation and drying at 100", is obtained ns it 
colourless mass, which is easily reduced to a white powder when cold, 
and contains 39*83 p. c, (k, and 0*81 IL, corresponding to the formula 
(PIP 2 0 12 ; its aqueous solution docs not crystallise even after standi ng 
for several months ; it reduces tho same quantity of cupric oxide as 
(lextro-glucose. The sweet sugar of tho same composition, produced 
by the action of baryta- water, solidifies (after removal of tho baryta by 
dilute sulphuric acid, of the excess of sulphuric acid by basic acetate 
of lead, and of the lead by hydros ulphnrio acid) to a crystalline mass 
when its solution is allowed to stand a short time after evaporation, 
on the water-bath. (Kochlodor & Kawalior, Wien. Ahead Ber. 29, 12.) 

Xanthorhmmin is' decomposed into rhamnetin and sugar by boiling 
with dilute acids : ' i , 

Wl*Q» + CUD « C«IW« 4 (Matty.) 
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Sorbite. 

C 12 IP ! (P or C“IFO**. 


Pelotjze. Compt. rend. 34, 377 ; N. Ann. Chim. Phys. 35, 222 ; N. J. 

Pharm. 21, 321 ; Ann. Pharm. 83, 47 ; J.pr. Chm. 5G, 21 ; Pharm. 

Centr. 1852, 257. 

Sorbite exists in ripe mountain-ash berries, the fruit of Sorbus Ancuparia. {Hand- 
Inch, viii, Phytochem. 17.) Byschl [N. Report, 3, 4) did not succeed in obtaining 
crystals of sorbite from the juice of fresh mountain-ash berries, but found instead an 
amorphous, unfermentable sugar (Byschl’s amorphous sorbin), which dissolved easily 
in alcohol. 

Preparation . The expressed juice of mountain-ash berries, gathered 
towards the end of September, produces deposits and vegetations when 
left to itself for 13 or 14 months, and at last becomes clear again. 
The clear liquid is decanted and evaporated to a thick syrup, when it 
yields repeated crops of crystals, which arc obtained pure by two crys- 
tallisations with help of animal charcoal. 

Properties . Colourless, transparent, hard crystals, belonging to 
the rhombic or right prismatic system. Fig. 53 without i and a. Rhom- 
bic prism y, whose edges are perpendicularly truncated by p and m ; 
further the right terminal face t ; between t and m the horizontal 
prism w, and between y and m a second rhombic prism -y : y over 
p=z 142° 53' (obs.); u: wover £ = 141° 11' (obs.); u:u over wt = 
38° 49' (calc.) ; y :y over m — 37° 7' (calc.), = 36° 26' (obs.) ; y :p = 
161° 26' (calc.); y:m = 108° 33' (calc.), = 108° 10' (obs.); y':y = 
164° 20' (obs.); w: 2 = 160° 35' (calc.); w:m = 109 u 24' (calc.); y:u 
= 96° 4' (calc.), = 9G° 32' (obs.) (Berthclot, iV. Ann. Chim . Phys.' 35, 

my 

Grates between the teeth. As sweet as cane-sugar. Sp. gr. 1*654 
at 15°. Molecular rotatory power at 7° temperature, [a] j = 46*9°, 
only slightly variable with the temperature, and just as great in a 
freshly-prepared solution (Bertlielot, Chim. organ. 2, 252). — • Contains 
equal numbers of atoms of carbon, hydrogen, and oxygen ; hence, no 
doubt, it is C 13 H I2 0 13 (Pelouzo). 

Decompositions > 1. Gives off acid water when heated, and is con- 
verted after some time at 150° — 180° into a dark-red mass, which 
consists chiefly of Pelouze’s sorbic acid. [Not the same as Hofmann's sorbic 
acid {Ann. Pharm. 110, 129; Chem. Soc, Qu. J. 12, 43.)] Qn dissolving the 
residue, which is insoluble in water, aqueous acids, or alcohol, in aqueous 
ammonia or potash, a dark-brown solution is obtained, from which 
hydrochloric acid throws down amorphous dark-red Hakes; those 
contain, after drying between 120° and 150°, 57*9(5 p. c. 0., 5*51 JL, 
and 36*53 0., corresponding, according to Pelouze, with the formula 
C 32 H l8 0 15 . Their solution in ammonia- water gives coloured precipitates 
with metallic salts; with lead-salts one containing 5.1*35 p. e. lead- 
oxide,- — C 3 *H 18 0 15 ,3Pb0, according to Pelouze, — 2, Sorbite melts when 
quickly heatedon platinum-foil, and burns away with a smell of cam- 
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mel. — 3. Hot nitric arid converts it into oxalic add (Polouzc.) Oxi- 
dising agents also produce racemic acid (x. 340) from sorbite (Des- 
saignes, Bull. Boo. Chim. Pam , 1 801, 32). — 4, Not altered when lieatod 
with dilute acids ; coloured reddish-yellow by oil of vitriol, charred on 
heating. When heated for several hours with fuming hydrochloric arid, 
it is converted into humous substances in the same way as glucose 
(}>. 815). (Berthelot, (Hum. organ, 2, 252.) — 5. Sorbite, heated to 100° 
with tartaric, arid , yields a small quantity of a substance belonging to 
the class of saccharides (p. 81(5), whoso lime-salt reduces potassio- 
enprie tartrate (Berthelot, JV. Ann, Chim, Phys. 54, 82). — 0. Becomes 
brown when heated with potarii-ley, and evolves a smell of caramel. 
Heated with lime, hydrate of baryta, or oxide of lead, it behaves in 
the same way. — 7. The solution of cupric Jn/drate in aqueous sorbite, 
and aqueous solution of sorbite mixed with potassio-eupric tartrate , deposit 
cuprous oxide when warmed or left to stand. — 8. Not fermentable 
with yeast (Pelouze), not even after being heated with acids, hut, when 
left to stand in contact with cheese and chalk, at 40°, it suffers a decom- 
position which gives rise to a large quantity of lactic acid, alcohol, and 
butyric acid, without previous formation of a fermentable sugar 
(Berthelot, N. Ann . Chinn Phys. 50, 350), 

Combinations. Dissolves in about \ pt. cold water. The saturated 
solution has sp. gr. 1*372 at 15°. — Forms, with chloride of sodium, a com- 
pound crystallising in cubes. — Aqueous sorbite dissolves hydrate of lime 
and hydrate of baryta. The solution of the forme, r deposits Hocks when 
heated, decomposition occurring at the same time. 

Sorbite ivith Lead-oxide, — Aqueous sorbite dissolves oxide of lead; it 
does, not precipitate basic acetate of lead, but on addition of ammonia 
throws down a white precipitate, which, while being dried, smells of 
caramel, and contains, on the average, 74*5 p. c. oxide of lead, 11*2 0., 
and 1*48 IT., corresponding to the formula O ia H®O s ,4PbO (calculation: 
74.4 p. c. lead-oxide, 12*0 0., and 1*5 It.) (Pclousse). 

Aqueous sorbite dissolves cupric hydrate. — It is insoluble in cold, 
slightly soluble in boiling, alcohol (Pelouzc). 


Xnosite. 

(PIP(P. 

J. ScinatftTL Ann, Pham, 73, 322; J. pr. Chain. 50, 82; Pham, Centr. 
1850, 422; N. J. Pham. 18, 71 ; JM. Kopp. Jahmhcr, 1850, 587, 
■ — - Wurzb. medic . VerhandL 1851, 2, 212 ; Am. Pharm . 81, 875; J.pr , 
Chem. 54, 405; Pham. Centr . 1852, 102 ; Lkb. Kopp. Jahmhcr. 
1851,552. 

Yohl. Ann. Pharm. 99, 125; abstr. J. pr. Chem , 69, 299; TV*. Ann. 
Chim . Phys. 48, 380. — Ann. Pharm. 101, 50; J. pr. Chem . 70, 489; 
Chem. Centr. 1857, 356; together with the first paper: JJeb. Kopp . 
Jahmhcr, 1856, 667, — Am. Pharm. 105, 380; abstr. J. pr. Chem . 
74, 125 ; Chem. Centr. 1858, 446 ; Kopp*s Jahmhcr . 1858, 489. 
Cloktta. Zuricher Katurf VerhandL 8, 402 and 4, 174; Ann. Pharm . 
99, 289; J. pr. Chem , 66, 211 and 70, 112; abstr. iV. Ann. Chim , 
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Ph/s. 40, 3(59 ; CJiem. Gas. 1850, Cl; IM. Kopy. Jahrcsbcr. 18515, 

747 and 185G, 708. 

Tnosin, Phassomannite. Discovered by Scherer in 1850. — E. Simon, 
(IF. Br. Arch, 29, 180), designates as Pkaseolin a substance, > extracted 
by etlier from the alcoholic extract of white beans, which yields, with 
cmulsin, a volatile oil 

Occurrence. In the muscle of the heart (Scherer). In the lungs, 
kidneys, liver, and spleen of oxen (Cloetta), also in the brain (W. Mul- 
ler). In the human kidneys, and in the urine of a sufferer from Bright’s 
disease (Cloetta). At most, to the extent of T ] F p. c. _ Many other 
parts of the animal organism have been examined in vain for iuosito. 
(See Handbuch, viLi, Zoockem. so, 205, 489, 512).— In green kidney-beans, the 
unripe fruit of Phaseolus vulgaris (as much as £ p. c.) (Void). 

Preparation. From organs of the animal body. 1. The muscle of the 
heart, or other organs containing inosite, is exhausted with water as 
directed (x. 250) in the case of creatine, the phosphates are precipitated 
from the liquid by baryta- water ; the filtrate is evaporated ; and the 
creatine allowed to crystallise out. The mother-ley is treated with, 
dilute sulphuric acid to remove the dissolved baryta, and, after removal 
of the sulphate of baryta, heated as long as volatile acids escape. 3 1 
is then, in order to remove the last traces of volatile acids and of 
lactic acid, repeatedly shaken up with ether as long as anything is 
taken up from it. The liquid, separated from the other is mixed with 
alcohol till a turbidity begins to appear ; then, after standing for some 
time, it is poured off from the precipitated sulphate of potash, and 
mixed with more alcohol, whereby crystals of inosite mixed with sul- 
phate of potash are obtained. The crystals of the former arc picked 
out and dissolved in a small quantity of warm water, which leaves the 
more difficultly soluble sulphate of potash, and arc purified by recrys- 
■tallisation (Scherer)* — 2. The fresh-chopped tissue is covered with 
water, and allowed to stand for 24 hours in a cool place with frequent 
stirring; the liquid is then separated and the residue pressed ; the solu- 
tion is heated with a little acetic acid to separate albumin and hmmu- 
tiu ; strained, evaporated on the water-bath to one tenth ; precipitated 
with sugar of lead, and filtered ; and the filtrate is mixed with basic 
acetate of lead, whereupon inosite is thrown down in combination with 
oxide of lead, accompanied, when these are present, by uric acid, cyst hi, 
and other substances. The precipitate, after being somewhat washed, Is 
decomposed under water by hydrosulphuric acid, and the liquid fil- 
tered from the sulphide of lead ; it then sometimes deposits crystals of 
uric acid, and when evaporated to a small bulk on the water-bath, ami 
mixed with alcohol till a turbidity is produced, it yields crystals of 
inosite (Cloetta). Sugar of lead may also be added at once to the 
water used for making the extract (W. Muller.) —3. The liquid from 
which the inosite is to be separated is concentrated by evaporation, 
and mixed, boiling, with three or four measures of alcohol ; if a large 
precipitate, which sticks to the bottom, is thus produced, the liquid "is 
poured off hot, but if only a slight, not sticky, precipitate is produced, 
the hot solution is filtered through a previously heated funnel, and left 
to stand for 24 hours, when crystals of inosite are deposited, and are 
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washed with a small quantity of cold alcohol. If the precipitate 
caused by hot alcohol is dissolved in a small quantity of boiling’ water, 
and treated like the first solution, a further quantify of i nosite is 
obtained. — Til case no i nosite separates from the cooled solution, the 
crystallisation may bo facilitated by adding ether till a turbidity remains 
after shaking (Cooper Lane, A nn. Pharni. 117, VI 8). 

From French beam. — The fruit cut up in the bean-mill is hung in 
a pressing bag for half an hour in boiling water, or in steam, whereby 
it is rendered lit for pressing; the expressed liquid is then evaporated 
to a syrup on a water-bath, and alcohol is added till a permanent tur- 
bidity is produced. The crystals which form arc purified by repeated 
crystallisation from water with help of animal charcoal (Void). vbhl 

formerly destroyed the sugar of the beans by fermentation at the beginning. 

Properties. Anhydrous inosite is obtained by drying crystallised 
inosite at 100° or in vacuo, as a white effloresced mass, which molts 
only at a temperature exceeding 210°, — then yielding a colourless 
liquid, which solidifies in the crystalline state when quickly cooled, and 
to an amorphous mass when cooled slowly, — but does not lose weight or 
undergo further alteration (Scherer). White, opaque crystals of an- 
hydrous inosite separate when the aqueous solution is cooled below 0°. 
(Void.) Tastes purely sweet, lias no rotatory power. (Void.) 


at 100°, 

or in vacuo 


Soberer. 

Vohl. 

(Jloetta. 
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Void examined inosite from beans. 

De/mijmilums. 1. After dehydrated inosite has been melted above 
210°, it swells up when more strongly heated, and evolves gas 
which burns with a pale blue flame ; it is afterwards charred, and then 
burns with a brightly luminous flame, leaving an easily combustible 
cinder. (Scherer.) When quickly heated, it gives off vapours which 
excite tears and produces a smell of burnt sugar. (Void.) — 2. Aqueous 
inosite is not affected by ozone. (Gonip-Besa-nez, Ann, PJmrm. 110, 
108.) — 8. The solution of inosite in dilute nitric acid does not give off 
nitrous acid till moderately concentrated, and, after evaporation to 
dryness, contains oxalic acid. The aqueous solution of the residue, 
freed from oxalic acid by carbonate of lime, deposits, on standing, mag- 
nificent purple-red flocks, soluble in dilute acids and precipi table without 
alteration by ammonia. (Void.) When aqueous inosite is evaporated 
nearly to dryness with nitric acid, the residue, moistened with ammonia 
and a small quantity of solution of chloride of calcium, and again 
evaporated, leaves a rose-coloured residue. (Scherer, Void.) Inosite 
dissolves without evolution of gas in cold or boiling nitric acid of sp. gr. 
1*52, forming a solution whence oil of vitriol precipitates nitro-inosito. 
(Vohl.) — 4. Dissolves without coloration in cold oil of vitriol , or in oil 
of vitriol heated to 100°, and is not blackened till more strongly heated, 
and then evolves sulphurous acid. (Vohl.) Inosite is not altered by 
boiling with dilute acids. (Scherer, Void.) — 5. May he boiled with con- 
con tinted potash-ley, or with baryta-wed®', without alteration or colora- 
tion. (Scherer, Vohl) — 6, The aqueous solution mixed with cupric 
von. xv. 2 a 
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sulphate yields, on addition of potash-ley, a bluish green precipitate ivhich 
quickly disappears on addition of excess of potash. No cuprous oxide 
separates from the solution on boiling, but a light blue precipitate falls 
when the liquid is left to stand for several days. (Scherer.) Aqueous 
inosite yields, when heated with potassio-cupric tartrate , a green solution, 
whence a bulky green precipitate separates, the supernatant liquid 
again becoming* blue. After removing* the precipitate, the filtrate 
shows the same change of colour when heated. (Oloetta.) The change 
of colour, which occurs on heating the deep azure-blue mixture of 
inosite and potassio-cupric tartrate, is not remarkable, and is due, as 
well as the production of the precipitate, to the presence of traces of 
foreign substances. (Void.) — 7. Inosite is not capable of undergoing 
vinous fermentation. (Scherer.) In contact with cheese, flesh, or de- 
caying membrane, and chalk, it undergoes lactons fermentation, ' car- 
bonic, lactic, and butyric acids being formed. (Scherer, Void.) 

Combinations . — With Water. — Hydrated Inosite, C w n i8 0 ls ,4TT0. 
Obtained from concentrated solutions, in tabular crystals resembling 
gypsum, au inch long and several lines broad. (Void.) Oblique pris- 
matic crystals, for the most part in cauliflower-like groups. (Scherer.) 
Prisms belonging to the right prismatic system, with angles of 148° 52' 
and 41° 8'. (Oloetta.) Sp. gr. 1*1154 at 5°. (Void,) The crystals 
become white and opaque in dry air, in vacuo over sulphuric acid,* or at 
100°, and lose 16*6 p. c. water of crystallisation (4 at. = 16*66 p. c.), 
being converted into anhydrous inosite. (Scherer, Void, Oloetta.) 

Hydrated inosite dissolves in 6 pts. water at 19° (Void), in pts. 
at 24° (Oloetta). The concentrated solution, of sp. gr. 1*0548 a£ 19°, 
is not syrupy, and not subject to spontaneous decomposition. (Void.) 

Aqueous inosite dissolves chloride of sodium and chloride of potassium, 
which crystallises out alone on evaporation. (Void.) 

Solution of inosite does not precipitate solution of sugar of lead . 
Basic acetate of lead throws down from aqueous inosite a transparent 
jelly, which after a few moments becomes pasty and white, and dries 
up, after being washed with water and alcohol, to a yellow pul verifiable 
mass, which at 100°, contains 76*5 p. c. oxide of lead, corresponding 
to the formula 0 13 H 12 0 12 ,5Pb0 (calculation: 75*6 p.c. lead oxide). 
(Oloetta. )^ The formula C 12 Il Il Ph0 12 ? 4Rb0, which, contains 1 at. water less, agrcea 
better. [Rr,] Void got no Iciul-salt of constant composition. 

Slightly soluble in cold aqueous alcohol , more soluble at the boiling* 
boat; insoluble in absolute alcohol. Does not dissolve in ether. 


Nitro-inosite. 

c i2 N e n 6 0 36 = c i2 X 6 iw 2 . 


Vohl. he. cit 

Inosine hexanitrique. 

Dehydrated inosite is dissolved in nitric acid of sp. gr, 1*52 and the 
solution is precipitated with oil of vitriol. The product, which, according 
to the temperature retained by the mixture, separates either as powder or 
as oil-drops which solidify to crystalline masses, is well washed with 
water and recrystallised from boiling alcohol. 
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IUiombohedrons, often some lines in length. Melts to an oil when 
heated, and solidifies to an amorphous mass which becomes crystalline 
after a few clays. .Permanent in dry or moist air. 


12 C 

... 72 . 

... 1G*00 ... 

Volil. 

16*08 

6 N 

... 84 . 

... 18-67 ... 

18-58 

6 H 

... G . 

... 1*33 ..., 

1*41 

30 0 

... 288 . 

... 64*00 ... 

63-93 

C , -X r ’ll (i 0 12 .. 

... 450 . 

... 100-00 .... 

100*00 


Deflagrates without residue when quickly heated, and detonates 
under the hammer. — Decomposed when warmed with concentrated 
adds — Dissolves with dark brown colour and evolution of ammonia in 
cold or warm potash-ley. The alkaline solution precipitates cuprous 
oxide from patasm-cupric tartrate , and a mirror of metallic silver from 
ammomo -nitrate of silver . — « Nitro-inosifco treated with nitric acid, 
ammonia and chloride of calcium shows the coloration of i nosite (p. 353). 

Insoluble in water ; dissolves easily in alcohol 


Scyllite. 

STAnur-Eit Sc Phkutoiir. J. pr. Client. 73, '18; Chmn. Cantr. 1858, f?72 ; 

(Jhe.m. Gaz . 1858, 281 ; Kop/i's Jahresher. 1858, 550. 

Ocnrrrm'c. Most abundantly in the kidneys of the ray and shark, 
also in the liver and spleen of the former and in the liver and gills of 
the latter. In the kidneys of tins prickly dog-fish. 

Preparation . The organs of the above-mentioned fishes, triturated 
with coarsely-powdered glass, are stirred up with H to 2 measures of 
alcohol, and pressed, the residue is treated again with "a small quantity of 
alcohol, and the extracts are filtered and evaporated. The residue is dis- 
solved in water j the fat and tmdissolved gelatinous matter are filtered 
off; and the filtrate is evaporated to a syrup, covered with hot absolute' 
alcohol, and left to stand for 21 hours, whereby urea, sometimes also 
leucine, tyrosine, and other bodies pass into solution, while a brown 
mass separates out. This is dissolved in water and left to evaporate 
spontaneously until crystals have separated, which are then removed 
from the mother-ley and freed from the chloride of sodium, which has 
also crystallised out, by .mechanical selection. The crystals, which 
are either taurine or scyllite, or a mixture of both, are treated with 
basic acetate of lead in moderately concentrated solution, and so yield 
the insoluble lead-compound of scyllite, which is decomposed tinder 
water by hydrosulphurie acid. The scyllite is obtained crystallised 
by evaporating the solution filtered from the sulphide of lead, or by 
slowly adding alcohol to it. 

Properties. Isolated, well-developed prisms or babies, possessing a 
strong vitreous lustre, belonging to the oblique prismatic system, the 
base abutting on the acute edge ; when rapidly formed, they resemble 
inosite.. Taste, slightly sweet. Permanent in the air. Neutral 

2 a 2 
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Decompositions . Melts with difficulty when heated in a glass tube, 
swells up when charred, and evolves acid vapours and a smell of 
caramel. — Burns with dame upon platinum foil, leaving an easily com- 
bustible charcoal. — Not altered by oil of vitriol, ci ther cold or slightly 
warm; decomposed when heated, with evolution of sulphurous acid, the 
solution acquiring a yellow, and at last a red-brown colour.-— Does not 
colour boiling soda-ley, or reduce alkaline cupric solutions. — With nitric 
acid , ammonia and chloride of calcium , it does not behave in the same way 
as inosite (p. 353). 

Less soluble in water than inosite. Insoluble in cold nitric acid of 
sp. gr. 1*3 ; dissolves slowly in the same acid when boiling, and is 
precipitated without alteration by alcohol. — Sugar of lead does not pre- 
cipitate its aqueous solution ; basic acetate of lead throws down a pasty 
precipitate. Insoluble in alcohol , and prccipitable thereby from its 
aqueous solution. 


Sctccliaroidal Substances C 12 II w 0 12 . 

Mannite. 

C 23 IF 4 0 12 . 

Proxjst. Jf. Gelil . % 83 ; Ann. Chim. 57, 143. 

Buchholz. Taschenbuch , 1809, 150. 

A. Vogel. Scliw. 37, 365. 

Brendecke. Jf. Br. Arch. 16, 4-9. 

Favre. N. Ann. Chim . Phys. 11, 71 ; J. pr . Chem. 32, 362. 

Knop & Sciinedermann. Ann. Pharm. 49, 243. — Ann . Pharm. 51, 
132 ; /. pr. diem. 32, 411. 

Leuciitweiss. Ann . Pharm. 53, 128. 

Strecker. Ann . Pharm . 73, 68. — 92, 80. 

A. Knop. Pharm. Centr . 1849, 801. — 1850, 49; Ann . Pharm. 74, 347; 
/. pr. Chem. 48, 362. 

Beethelot. Combinations with acids : Compt. rend . . 42,1111; J. pr. 
Chem. 69,450; Chem. Centr. 1856, 625; in detail: Jf. Ann. Chim. 
Phys. 47, 297; ahstr. Lieb. Kopp. Jahmbcr. 1856, 652. — 'Fermenta- 
tion : Compt. rend . 43, 238 ; N. J. Pharm. 30, 269 ; J. pr. Chem . 
09, 454; Chem. Centr. 1856, 7-19 ; in detail: If. Ann, Chim. Phys. 
50, 322; absir, J/ieb. Kopp. Jahmbcr . 1856, 064 ; and Kopp’s Jahres- 
ber, 1857, 509. — Occurrence: N. Ann. Chim. Phys. 46, 83. — Solubility 
of Lime in Mannite, N. Ann. Chim. Phys. 46, 173 - - - Chime orammim , 
Paris, 1860, vol. 2. 

Ubalbinx. Compt. rend. 45, 1016; Jf. J. Pharm. 37, 56 ; J. pr. Chem . 
74,221; Chem. Centr. 1858,175; in detail: Jf. Ann. Chim. Phys . 
57, 213 ; Cimento, 7, 113. 

De Luca. Compt. rend. 47, 295 ; Jf. J. Pharm. 34, 353 ; J, pr. Chem. 
77, 457. 

Goeup-Besanez. Ann. Pharm. 118, 257. 

Erlenmeyer & Wanjklyn. Zeitschr. Ch . Pharm , 4, 606 ; Proc. Boy. 
Soc. 11,447. 

Lxnnemann. Ann. Pharm. 123, 136. 

* 

Manna-sugar, Mannazucker, — Discovered in 1806 by Proust, — Aeon- 
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stituent of the manna which exudes from Fr axiom roimidifolkt , F. Ornus 
and F. excelsior; according to Leuchtweiss {Ann. Pharm. 53, 127), it forms 
42*6 p. c. of Manna canellata , 37*6 p. c, of M. canellata in frag mentis, 32 p, c. 
of M. calabrma . — It is found in the marina from the Cape Yerd Islands 
(Bcrthelot); in the manna of the spindle-tree, produced by the punctures 
of Aphis Evonymi (Lassaigne, J. Pharm. 4, 526); in the honey-dew of 
the lime-tree (Langlois, J. pr. Chem . 20, 444; Reinsoli, J ahrb. pr . 
Pharm. 14, 153) ; in Lactucarium (Ludwig, N. Pr. Arch. 50, 1 ; 
Aubergier). — It remains doubtful whether man nit e is contained in : 
the manna of Firms picea, which, according to Barwinkol {Perl. Jahrb. 
26, 1, 191) behaves like ash-tree manna; in the honey-dew which, 
according to Wahlcnberg, exudes from the leaves of Tledgsanm Alhagi , 
of various oriental oaks, Ficus bengalensis , Phoenix dactgllfera , Acer plan - 
tandides ; in the manna which exudes from the young twigs of Quercus 
bengalensis , from the trunk and boughs of Ccratonia Siliqua , and from 
Jhraclcum sibiricum and various species of Car ex when dried. — For the 
composition of the manna of Sinai and that of Kurdistan, seepage 241. 

The following plants and parts of plants contain mannitc ready 
formed: the roots of AconUum Napdlus (T. & II. Smith, Pharm. J. Trans. 
10, 124; Lieh. Fopp. J (thresher. 1850, 535), of celery, from Apium graved- 
leus (lliibncr, N. Tr. 4, 1, 308 ; Payee, Ann. Chim. Phi/s . 55, 219); of 
M'eum athamanticum (Heinsch, Jahrb* pr. Pharm. 14, 389) ; of (Fmn.the 
crocata {JJandbuch, viii. Phgtochem, 40); of Jbdgpodium wig arc (Dos fosses, 
ibid. 92); of Pcorzonera hispanica (Witting, JV. Pr. Arch. 105,286); the 
root-bark of Tunica Granatum [constituting Latour’s Granatin . {J. 

Pharm. 17, 513 and 601)]. (Mitouard, lioutnui-Oharlanl&Guillometto, 
J. Pharm. 21, 169; Ann. Pharm. 14, 221); the roots of Tritbitm repem. 
(Ydlcker.) The mannitc existing in the extract of the last-named root was distin- 
guished by PfafT {Mat. med. 6, 110) as grass-root sugar (Graswurzelzncker) ; it is 
perhaps not always present, wherefore Stenhouse (Ann. Pharm. 51, 354) did not find 
m y ; sometimes however it exists in considerable quantities. (Volcker, Ann. Pharm. 
5P, 380.) — - The bark of Ganellaalba {. Tlandbuch , viii. Phgtochem. 27) con- 
tains about 8 p. e, of mannitc (W. Mayor & Roiehe, Ann. Pharm. 47, 234), 
not, as supposed by Petroz & Robinet {J. Pharm. 8 ? 198), a peculiar kind 
of sugar; that of Fr axioms excelsior contains mannitc [Keller’s Fraxinin 
{Report. 44, 438)]. (Rochleder <& Schwarz, A m. Pharm. 87, 398; Hton- 
house, Ann. Pharm, 91, 255.) — 1 The leaves (Roussin, ,1. Chim. mod* 27, 
754) and young twigs of Sgringa vulgaris contain mannitc [which, mixed 
with Lilacin , constitutes Rernays’ Pgr ingin {Report. 24, 338)], (Ludwig, 
N. Pr. Arch . 91, 289): also the leaves of J/igustrnm vulyure ( Polex ; 
Kron layer, N. Pr. Arch. 101, 281), celery-loaves (Vogel), the foliage of 
Cocos micifmt (Bizio, J. Pharm. 19, 455); the fruit of Lauras Per sea 
(Avequin, Am, Pharm. 32, 313 ; Melsens, Ann. Uhim. Phgs. 72, 109), of 
Cactus opmtia (Be Luca, Crnanto , 3, 407). — Coffee-beans contain man* 
nite, according to Ddbcreiner {N. Pr. Arch. 43, 27). Ergot of one year 
contained mannitc, that of another year mycose (p. 301). (Mitsdierlich.) 
— Many fungi contain mannitc (sec p. 303 ; also Ilmdbnch , viii. Phgtochem , , 
97), — On algm {Tlandbuch, viii. Phgtochem, 93) there is often found an 
efflorescence of mannitc (Vauquelin, Gaultier do Claubry), which, 
according to Stenhouse {Ann. Pharm. 51, 349) may also bo obtained 
from the dry alg® ; according to Phipscm ( Compt . rend. 43, 1056; 
Chem. Centr. 1857, 77), mannitc docs not exist in fresh algm, but is 
formed, according fo him and to Soubeiran (A'. J. Pharm. 31, 219), 
from vegetable mucilage by fermentation. 
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CJrnelin is also inclined, to regard as mannite, Hil n ef eld’s Prhnulhi (J. pr. Ohem . 
7, 5S ; N. Br. Arch. 8, 249) obtained from the roots of Primula veris. 

Formation, Under the influence of the peculiar ferment which 
excites mucous fermentation, cane-sugar (and thcrolore no doubt also 
dextro- and lmvo-g‘1 noose) splits up into maunite, carbonic arid, and 
gum. (Pasteur, Bull. Soc. Chim. Pterin, 18(11, 30; see; p. -80). . . , 

Mannite can be obtained after fermentation from vegetable juices 
which previously did not contain any. (Fouroroy & Vauquelin ; Foloitze, 
Ann. Chim. Phys . 47, 411.) No mannite is formed when the sugar of 
carrot-juice ferments by itself, but when the pectin-substances a, re left 
in it, the juice gets thick, like white of egg, and produces mannite. 
(Vauquelin.) The presence of mannite after Fermentation has been 
observed in the juice of onions (Pourcroy & Vauquelin, Ann, Chim. 
65, 166; N . Gelil. 6,3 57); in man gold- wurzel juice (Braeonnot, Ami. 
Chim. 85, 95; Jules Gay-Lussac <& Pelouze, aooxi, *17S); hi extract of 
jalap-root (Kerberger, Jahrh. pr. Pharm. 4, 8); in the juice of the 
tubers of IleUanthm iuberoaus (Braeonnot) ; of Cyclamen curoptrum (Do 
Luca, Compt . rend, 47, 296) ; in the aqueous extract of the roots of 
Taraxacum officinale (Prickhinger, Repent . 73, 55; T. & IL. Smith, 
J. Chim. mod. 26, 135); further, in laetous fermentation (Boutrou & 
Fremy, see xi, 473 ; Bensch, Ann. Pharm. 61, 174) ; in the preparation 
of lactic acid by Bensch’s process (xi, 475), if the fermentation has 
gone on between 0° and 20° (Strecker, Ann. Pharm. 92, 80); in the 
fermentation of honey (Guibourt, Ann. Chim. Phya. 16, 371). 

Mannite exists in cider after the vinous fermentation has had its 
regular course ; it is perhaps present, ready-formed, in the apples. 
(Berthelot.) 

The sugar which results from the decomposition of kinovin by 
alcoholic hydrochloric acid is identical with, or allied to, niarmitan. 
(Hlasiwetz.— See page 345.) — According to Fremy (/. ;pr. Clwm. 8, 
197), mannite is produced by boiling* starch with acids, and may bo 
extracted by alcohol from the doxtro-glucoso. 

From inverse-sugar, by the action of sodium-amalgam on its 
neutral aqueous solution : 

C IS H 12 0 13 + H 9 « C w ll w 0 lfl . (Linnoimum.) 

Sugar. Mannite. 

Preparation . From Manna. 1. Manna is dissolved in. 3 pis, water, the 
solution precipitated with basic acetate oflcad; the lead removed from 
the filtrate by hydrosulphuric acid; the solution evaporated to a syrup 
after separation of the sulphide of lead, and the syrup poured into 
hot alcohol: mannite then crystallises out on cooling*. (Bon sail, 
Af.Br. Arch. 84, 70.) — 2. Fermenting yeast is added to the aqueous 
solution of manna, in order to destroy the sugar contained in it ; and the 
liquid is decolorised with animal charcoal when the fermentation is 
complete, and then evaporated to the crystallising point, the crystals 
being purified by recry stallisation from boiling alcohol of 82* p. on 
(Leuchtweiss.) — 3. Manna is dissolved in half its weight of rain- 
water; tiie solution is clarified with white of egg, and strained boiling 
hot' through a woollen bag; the crystalline mass obtained on cooling 
is stirred up to a pulp, drained and pressed ; ami the liquid that runs 
away is, concentrated and treated in the same way. The cake of 
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mannlte so obtained is purified by being' stirred up with water to a thick 
pulp, the liquid is allowed to drain away, and what is left is pressed 
out ; the remaining man nite is dissolved in 6 or 7 pts. of hot water, and 
the solution treated with animal charcoal, filtered hot, evaporated, and 
left to crystallise (Ruspini, Ann. Pharm. 05, 203 ; Lid). Kopp. Jahresher. 
1847 and 1848, 703). — 4. Manna is boiled with aqueous alcohol, the 
solution is filtered hot, and the crystals which separate are purified 
by crystallisation from water or alcohol (Proust.) The manna con- 
tained in fermented liquids is obtained by exhausting* the extract with 
alcohol, after previously removing, when necessary, the substances 
precipitable by basic acetate of lead. 

Properties. Long prisms or needles, more rarely short prisms be- 
longing to the rhombic or right prismatic system, sometimes grouped 
together in bunches, united into sheaves, or arranged in stars. Com- 
monly a rhombic prism \j {Fig. 53), whose acute lateral edges are 
truncated perpendicularly by m, the summits being bevelled by u ; ora 
rhombic prism ?/, whose acute edges are perpendicularly truncated by 
m, and obtuse edges by p ; between if and m a second prism y\ and 
besides the bevelling face w, a second horizontal prism, u 1 between 
u and 'in. u : u (above) = 125° 3' (observed) ; u' : it! (over in) — 
54° 57' (calculated); m : «/ = 117° 28'*5 (calc.), = 117° 2(>'*5 (obs.); 
y : y (over m) = 50° 31' (obs.) ; y : y (over p) = 1.20° 29'( cah*..) ; m : y 
== 115° 1 5'*5 (calc.), = 115° 18' (obs!) ; y : y = 154" 4 l'*5 (calc.) ; m ; )/, 
= 104° 30' (calc.) ; n : u (above) = 150° 4.8' (obs.); n ; id — 107“ 8' *5 
(obs,); p : y = 180° 40'*5 (obs.) ; in ; y = 133" 1 9'*f> (obs.); // : y' 
(over in) = 815° 39' (obs.).— Different vortical prisms occur in other 
crystals, whereon Sehabus observed the following angles in ; y" = 
103° 10'; p : f = 139° 45'; m ; ?/ v = 103° 4'; p : if = 173“ 20’. 
The surface of the acicular crystals smooth and oven ; the vertical 
faces of the prismatic crystals, with the exception of y t m, and p, ver- 
tically striated. Cleavage very perfect parallel tow, less perfect parallel 
to p, perpendicular to these directions very slight Fracture conoholdal. 
Lustre vitreous on u and u', pearly on m ; the vertical prisms have a 
pearly vitreous lustre. Transparent, semi-transparent, colourless to 
white. Streak white. Hardness = 2 *5. (Sehabus, Krystal l '(jest. Wien, 
1855, 87.) 

Melts at 106° (Favro), 104° to 105’'' (l)e Lnca), 165° (Berthelot), 
between 105° and 10(;°(Linnemaun), and solidifies (at 102 u : Favro) when 
cooled below 140°, to a crystalline mass. Volatilises slowly when kept 
melted, and sublimes without alteration; outers into ebullition at about 
200°, part subliming or distilling over with the water, ami part being 
converted into rnannitan, most of it, however, remaining unchanged. 
Small, quantities can bo volatilised almost completely on platinum foil 
Does not diminish in weight when heated for a long time to 120°. 
(Berthelot.) Tastes slightly and agreeably sweet. Acts as a purgative. 
( Vogel.) Becomes luminous by friction. (Bonastre, J. Pharm , 19, 632.) 
Neutral. — lias no rotatory power. (Biot, Compt. rend. 10, 49 ; Ventzke). 
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Saussure, Oppermann ( Pogy . 23, 443), and many others, have also analysed man- 
nite. Liebig (Ann. Pharm . 9, 23) calculated the true formula from Oppermann \s 
analyses, and it was definitely established by Streetcar's analyses of nitre mannite. 
Earlier formula: : C 15 H 1(i 0 15 (Proust), CUPO 5 (Saussuro), CMPO* (Sump & Scliticdcr- 
mann). Instead of the above formula, some chemists adopt hall its value CHl'OV 

Decompositions,. 1. See above. When heated, mannite does not swell 
up below 250° ; it afterwards decomposes, and hums awag in contact 
with, the air with dame and a smell of caramel, and leaves a delicate, 
soft, and lustreless charcoal. — On dry distillation, it evolves a smell ol 
acrolein. (Recltenbacher, Ann. Pharm. 47, 14<3.) — 2. Manna, ’which, 
when fresh and pure is imfermcntable, becomes when kept, translucent, 
sticky, and deliquescent in the air, and is then fermentable. (Lhermite, 
Cornpt. rend . 34, 114.) Bcrtholot (2V. Ann. Chim. Phi/s. 50, 333) also 
found in manna 10 to 15 p. c. sugar, which did not increase in quantity 
by keeping in a moist, dark place. 

3. A mixture of maim’tc and platinum-sponge, in contact with air 
between 30° and 40°, soon acquires an acid reaction, evolves carbonic 
and formic acids, and contains nnnnitio acid, mannitoso (p, 330), and a 
product allied to mannitan. (Gorup-Besanez.) At higher temperatures 
coloured decomposition-products of mannitic acid, and perhaps also 
saccharic acid, are produced; if the mixture gets dry, it may become 
red-hot. When a concentrated aqueous solution of mannite is dropped 
on platinum-sponge, heat is evolved, and white clouds formed, while an 
odour of of caramel becomes perceptible and volatile acids are produced. 
(Gorup-Besancz.) The products first formed are completely decom- 
posed into carbonic acid and water by the further action of oxygen. 
(Dobereiner, J.pr. Chem . 28, 498; 29,452. — See also Backhaus, N. R eport. 
9, 283.) 

4. Nitric acid converts mannite into saccharic and oxalic acids, 
without producing muoic acid (School©, Fourcroy & Vauquolin, Buoh- 
holz). Mannite dissolves in nitric acid without coloration or evolu- 
tion of gas ; and when the solution is wanned until reddish-yellow 
vapours are given off, a tumultuous evolution of gas sets in, oven after 
removal of the fire, and continues for about half-an-bour ; after it has 
ceased, the liquid contains neither mannite nor saccharic acid, hut an 
acid which forms, with bases, salts similar to, or identical with, those 
of mannitic acid. A fermentable sugar, probably mamntose (p. 339), 
is formed at the same time (Gorup-Besancz). When mannite is heated 
with nitric acid, according to Liebig’s method (See MilUugnr, p, 220), 
racemic acid is formed, but in smaller quantity than when diiloite is 
similarly treated, and is not accompanied, by a trace of tartaric or 
antitartaric add (x. 365), but by a very small quantity of an add 
agreeing in its properties with mucie acid (Carle t, Cornpt,, 'rend 53, 343. 
—See also Dulcite.) Proust and Thenard (N. Gold. 2, 217) believed they had obtained 
mucic acid from mannite, the latter to the extent of about 50 p.c. According to Buck- 
haus (N. ReperL 9, 289), who could not obtain any tartaric acid from 1 pound of 
mannite, the mucic acid proceeds from the gum ol the manna, which, when the mannite 
is incompletely purified, adheres obstinately to it. 

5. Mannite distilled with peroxide of manganese and dilute sulphuric 
acid, evolves carbonic acid, while acroleYn and formic acid pass over in 
the distillate (Backhaus, N. Report. 9, 289).— 6. Mannite takes fire when 
triturated with 6 ,pts. peroxide of lead (Biittgor). Heated with per- 



MANNITE. 


361 


oxide of lead and water, it yields formic acid, gum, and an acetyl -like 
substance (Dobereinor, J. pr. Ohm. 28, 498); only a little carbonic 
acid is evolved, but on addition of sulphuric acid, formic acid distils 
over (Leucht weiss). When n.aimitc is mixed with bichromate, oj 
potash and sulphuric acid , carbonic acid and aqueous formic acid are given 
off (Louchtweiss). 

7. Distilled with excess of concentrated hi/driodic add (b. p. 125°), 
in a stream of carbonic acid, it yields iodide of hexyl 

C 12 fP0 12 + 11TU = C 12 II 13 I + 12 TT.0 + P (l)G grra. mannlte gave 83 grm. 
iodide of hexyl.) (Erlenmcyer & Wanklyn). 

8. On heating* a mixture of equal atoms of mannite and binioduh of 
phosphorus to a little above the melting* point of the latter, great heat 
is disengaged, so that, even with small quantities, incandescence may 
take place, and vapours of iodine and of hydriodio acid are evolved, while 
an aqueous and oily distillate passes over, and charcoal remains. If 
broken glass is added to the mixture in order to moderate the action, 
and it is heated by small quantities at a time until the reaction com- 
mences, the product being then covered with water and distilled, there 
passes over with the aqueous vapour a heavy oil, coloured by free 
iodine, and possessing a burning, sweet taste and aromatic, smell. 
After removal of the free iodine and water, this oil begins to boil at 
a comparatively low temperature: the boiling point, however, soon 
rises, and the oil passes over in part at 170°, iodine being liberated, and 
contains, on an average, 84*74 p. c. 0., (>*.14 II., and 59*12 L, cor- 
responding nearly to a mixture of iodides OJl n,1 L [Iodide of hexyl, 
0 1 "H K! I (see decomposition 7) contains 33*96 C., 6*13 1L and 50*91 1. (W.)] Heated 
to 100° with oxide of silver, it is converted, in a few hours, into a non- 
iodised oil of variable boiling-point (t ha part which distils between 75° and 
130°, contains 62'8 p. e. C., i.0‘7 li., and 26*5 O.; that which distils between 150° 
and 200°, contains 74*60 p. e. C„ 13*14 II., . and 12-20 O.—), which yields, with 
oil of vitriol, a conjugated acid, and acid products by oxidation ( Buttlerow, 
Chm. Ctmlr. 1857, 898). Hence Buttlerow thinks it probable that com- 
pounds of the formula) (MI 11 *” 1 and 0 ,l IL u l 8 are mixed with the iodised 
oil, and regards the oil freed from iodine as a mixture of ethers con- 
taining oxygen in place of the iodine. More recently lie detected 
iodide of methylene, (ML 8 !*, among the constituents of the iodised oil, 
inasmuch as dioxymethylene, 0 4 1I 4 0 4 (which is produced by the action 
of iodide of methylene on oxalate of silver) occurs among the products 
of the action of oxalate of silver upon it (Buttlerow, Ann. Miami . 
lit, 247). — 9. On heating mannite with bromine and water hi a sealed 
tube, hydrobrornio acid is produced, causing the liquid to become dark- 
brown soon after the disappearance of the bromine, and humous sub- 
stances to be formed (Barth & II Iasi wo 1%, Am. Miami . 122, I'll). 

10. Mannite, heated for several hours to 150° with syrupy aqueous 
phosphoric acid , yields a small quantity of manni-phosphoric acid, the 
"lime-salt of which may be obtained as a jelly by dissolving the product 
in water, neutralising with chalk, and precipitating* the filtrate 
with alcohol (Berth clot.) — 11. By dissolving mannite in oil of vitriol, 
matmi-bisulphuric acid and manni-tersulphunc acid are produced. (See 
below.) The solution does hot blacken even when heated to 100°.— 
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12. Marini te dissolves, without evolution of gas, in fuming nitric acid; 
oil of vitriol throws down from the solution nitromannite (Domonte & 
Menard, Strecker). — 13. Maimito scarcely absorbs hydrochloric acid 
gas even at 100°, but when long heated ‘to 100° with laming aijueous 
hydrochloric acid, in a sealed tube, it yields ehlorhydro-mauniian, 
and, by several days’ boiling, mannitan (Berthelot). ~~ 11. Moist 
arsenic * acid colours niaimite brick-red in a few days (Eisner, tichw. 
50, 348). 

Mannite combines with mono-, bi-, and tor-basic acids, with elimi- 
nation of water, forming the mamitanulcs , a class of compounds corre- 
sponding to the mono -saccharides (p. 310), in which the properties of 
the acid and of mannite are concealed, but which arc capable of under- 
going decomposition by taking up again part of the eliminated water, 
so as to yield the original acid and mannitan (Berthelot;). 

The mannitanides are obtained from the acids and luuunite, some- 
times by merely bringing them together at common temperatures 
or at 100°, but more commonly by beating them for a long time to 
200° or 250° ; never more than part of the acid and of the mannite 
enters into combination, the greater portion of both remaining uncom- 
bined. — The mannitanides resemble the natural fats, and are decom- 
posible by water at 240°, or by alkalis at 100°, for the most part, 
however, only with difficulty and by long-continued action. In all 
such cases it is mannitan that separates out, except that, by further 
fixation of water, a portion of it is converted into maimito. In this 
respect, and so far as regards the quantity of water separated in the 
formation of the mannitanides, it is mannitan (and not mannite) that is 
an analogue of alcohol (Berthelot). 

A. Mannite and monobasic adds furnish three distinct classes of 
compounds. 

a. Formed by the combination of 1 at. mannitan with 2 at. acid 
and elimination of 4 at. water. 

C»H K 0“> + 2C 8 H 8 0 4 = C“«H 2, 0 14 + 4HO. 

Mannitan. Butyric acid. Bibutyro- 
mannitan. 

Berthelot also reckons chlorhydro-marmitan as belonging to this 
class : 

C 12 H 12 O l0 + 2HC1 « C 12 H 1(, CFO c + 4110. 

b . From 1 at. mannitan and 4 at. acid, with elimination of 4 or 8 
at. water; 

Ci 2 H 12 0 10 + 4C 8 H 8 0 4 « C 44 H 3f5 0 18 + 8110. 

Quadribu ty re- 
in anuitan. 

C12R120W + 4C 36 1F 6 0 4 = C^l-l^O 22 + 4IIO. 

Stearic acid. Bistearo-mannitan, k 

c. From 1 at. mannitan and C at. acid, with elimination of 6 at. 
water. 

C I2 H 32 Q 10 + 6C 36 H 3G 0 4 « C^Il-^O 22 + 12HO. 

Terstearo - m annitan . 

, ,?• 3*^ oom P<>™ d s produced by heating mannite with Ubasic acids 
are formed, according to Berthelot,— 
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a. From 1 at. maimitau and 1 at. acid, with elimination of 4 at. 
water. 

Bcrthelot classes here kinovin (p. 345), from whose formula he 
deducts 2 at. water given off between LG0° aud X80°. Van Bemmclon’s 
suoeiuo-mamutan belongs to this class : 

CI2X1I20W + C 8 H fi O s = C a, U M O w + 4110, 

Maimitau. Succinic Sucoino- 

acid, maimitau. 

b . From X at. maunitan and 2 at. acid, with elimination of 4 at. 
water : 


C 12 H 12 0 10 + 2S 2 1X“0 8 = C 12 H 12 0 1U ,S 4 0 W + 4HQ. 

2 at. sulphuric Mannibisulphuric 
acid. acid. 

c. From 1 at. maunitan and 3 at. acid, with elimination of 4 at. 
water ; 

cnp-o 10 + 3S 2 II-0« = C 12 U ia t)W,i5«O w ,U s O s + 4110. 

3 at. sulphuric Mannifcersulphuric 

acid. acid. 

d. From 1 at. maunitan and t> at. acid, with elimination of 12 at. 
water ; 


CMJtiwoio + CC»lFG la « CWW + 12110* 

Tartaric acid. Mamutarlurio 
acid. 

0. By heating mannite with the tcrbmlc acid \ citric acid, citro- and 
bicitro-mannitan arts formed, 

a. From X at. maunitan and X at. acid, with elimination of 6 at* 
water : 


CWUiso 1 ® + C«1I«0 M - 0»*H M 0 W + OHO. 

MuuniUm. Citric acid. Citro -maunitan, 

A From 1 at, maimitau and 2 at. acid, with elimination of 8 at* 
water ; 

C»li“0» + 2C«U*0t* *« (>*WOM 4* 8110, 
Bieitro-maumtun. 

Proceeding ou the assumption that, in the formation of the true bieitro-maumtun, 
4 at. more water must bo eliminated, Van Benmudm regards the last compound as 
belonging to a distinct; class. In this case, however, lustrum. maunitan aud various 
other bodies would have to be excluded from the class of mannitauides, [Kr.j— - 
Bcrthelot’ s nomenclature is founded on the assumption that the atom of maimitau is 
half as great us that hero adopted, viz. «* CUIH) 5 . His mannite •mono but jt/rique is 
accordingly the same as the bibutyro-iuannitou of this Handbook, etc. 

In the following eases, special phenomena accompany the heating 
of mannite with organic acids. 

cl. On heating mannite with excess of ■oxalic add to 110°, the acid 
is decomposed into carbonic and formic acids, and an instable com- 
pound of formic acid and mannite is produced, (Kuop.* — See below.) At 
iirst, and before the decomposition of the oxalic acid takes place, 
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mannii-oxalic acid is formed, the lime-salt of which is obtained by 
neutralising the melted mass with carbonate of lime and precipitating 
the aqueous solution with alcohol. On heating more strongly, formic 
and carbonic acids escape, while a mixture of mannit-oxalio acid, man- 
nitan and humous substances remain. (Van .Bemmolen.) 

ft. Equal atoms of maunitc and succinic acid heated to 140° till the 
melted mass, on cooling, no longer becomes crystalline, but forms a thick 
syrup, yield a residue which is still soluble in water, and gives, on 
addition of oxide of lead (succinate of lead separating at the same time), 
soluble manni- succinate of lead,- — an easiiy decomposible compound, 
which is precipitated by alcohol and contains varying quantities of 
lead-oxide, the proportion sometimes corresponding to the formula 
C 12 I1 12 0 10 , C 8 H 4 O c ,PbO. This manui- succinic acid differs from succino- 
mannitc (see below) only by the quantity of water contained in it, and 
when more strongly heated is converted into that compound. — 
When a mixture of 1 at. mannite with 2 at. or more succinic acid is 
heated, a large quantity of succinic acid sublimes between K>0° and 
150°, then a large quantity of water is given off, and a hard dry 
mass is formed, from which succinic acid again sublimes at 1(10° — *I70 U . 
The black residue imparts an acid reaction to water, only after stand- 
ing for some time. It contains more carbon and hydrogen, than cor- 
responds to succino-mannitan, hence Van Bemmolen regards it as a 
mixture of this compound with bisuccino -manni tan. (Van Bemmolen.) 

<y. A mixture of mannite and citric acid in atomic proportions melts 
together at 100°, water of crystallisation being given oil. At 130° — 
140° water is again given off, and the mass, which at first is perfectly 
fluid, becomes pasty without evolution of gas or coloration, and at last 
hard, dry and tasteless, and is found to be converted into citro-man- 
nitan. At 170° — 180° it becomes brown and an oil distils over, • In 
this case also, according to Van Bemmolen, a compound corresponding 
to manni-succinic acid is formed. — From a mixture of 1 at, mannite 
and 2 at. citric acid, there is formed at 140°, a neutral, bright yellow 
substance, the bicitro-mannitan of this Handbook; at 160° — 170° it is 
decomposed and yields, without previously parting with more water, 
the decomposition-products of citric acid. (Van Bommelou.) 

16. Heated in a sealed tube with aqueous ammonia , mannite Forms 
a brown, nitrogenous product, corresponding to that furnished by 
cane-sugar (p. 260), which smells like horn when heated. (Ik Thenard, 
Bull. Soc, Chim. Paris , 1861, 42.) — 17. Mannite melted with potash* 
hydrate yields the same product as cane-sugar (p. 260). (Gottlieb. 
Ann. Pharm, 52, 122.) If mannite is thrown into potash-hydrate 
melted at so low a temperature that only a small quantity of hydrogen 
is given off, a bulky froth is produced, which does not at once solidify 
and contains but little oxalic acid. (Lcuchtweiss.) — 18. By distilling 
mannite with lime , much hydrogen is evolved, and mctucoto.no (ix, 409) 
and empyreumatic products arc obtained. (Favre.) — 19. Mannite easily 
reduces oxide of silver. (Favre.) According to Itiegol, it reduces 
aqueous mercury silver and gold-salts, — 20. Aqueous red prumate of 
potash mixed with 4 pt. hydrate of potash acts but slightly and slowly 
on mannite at 70°, but after the mannite has been boiled with acids, it 
decolorises variable quantities of the mixture. (Gentelo, Dinql 158, 
127; (Mem. Cmtr. 1861, 98.) 
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Mannite is not altered by ebullition with dilute acids, aqueous alkalis, 
or potassio-cupiic tartate. 

21. Mannite is not fermented by contact with yeast (Peloimo and 
others). It is decomposed by lactous ferment (p. 27(5), in presence of 
chalk, with evolution of carbonic acid and water, and formation of 
alcohol, lactic acid and butyric acid (Pasteur, iV. Aim. Ohm. Phj/s. 52, 
40-1). Animal membranes produce lactic acid from mannite (Frerny, 
Gompt. vend. 0, 165). Fremy is also of opinion that, in the lactous fermentation 
of sugar, this substance is first converted into mannite and then into lactic acid. — 

When a mixture of mannite with chalk and cheese (gelatin, pancreatic 
tissue, albumin, or other nitrogenous constituents of the animal body) 
is left to itself for some weeks at a temperarure of 40°, the nitrogenous 
substance and the mannite are decomposed simultaneously, and with 
elimination of carbonic acid, nitrogen, hydrogen, alcohol, lactic acid, 
butyric acid, and acetic acid (Bertlielot). This decomposition is inde- 
pendent of access of air, and is not accompanied by the appearance of 
yeast-cells. The quantity of alcohol obtained amounts to between 13 
and 33 p. c. of the decomposed mannite, but no glycerin, fat, or sugar 
is formed at any stage of the decomposition. Acetic and butyric 
acids make tlieir appearance as decomposition-products of lactic acid. 
In presence of carbonate of lime, the reaction, becomes irregular, and 
a peculiar sugar (p. 310) is formed, especially under the influence of 
testicular tissue. (Bertlielot, iV. Ann. (Jhim. Bht/s. 50, 331), 

Combinations. A. With Water. — Mannite exposed to air saturated 
with moisture takes up (inly 2 per cent, of water. It dissolves in 6*4 
pts. water at 18°, in (5*14 pts. at 20° (Bertlielot), in 5 to 6*6 pts. at 
16 — 20° (De Luca) in 4 jits, at 12° (Kiroher), in 5 pts. of cold, and in 
any quantity of hot water (Vogel). Sometimes on shaking Tip the mannite 
with water, u larger quantity dissolves, amounting to f * r of the water ; but the solution 
on standing deposits such a quantity of mannite that the above proportion is attained 
(Borthdot). When 87’6 grm. mannite are dissolved in 648 grm. water at 16*5° (that is 
in 4 pts.) the temperature fells to X3'5° (Fold, J. pr. Chem. 82, 155). 

B. With Bases . — Po t< mmm-compo and . — When 1 pt. mannite and 
1 pt, potash-hydrate are dissolved in 6 ptn-Jwarm alcohol of 85 p. o, the 
liquid on cooling separates into two layers, the lower of which must he 
washed with hot absolute alcohol and dried at; 100°. White, easily 
friable, strongly alkaline, saline mass, which contains 25 p. o. potash, 
requires a higher temperature to decompose it than sucrate of potash, 
and deposits mannite when its alkaline solution is exposed to the 
air. It is insoluble in absolute alcohol, hut dissolves easily in aqueous 
alcohol (Bremlocko). 

Sodium»compo u,n d . — Obtained like the potassium-compound, which 
it also resembles. Contains 21*6 p. c, soda (Broudeeke). 

Mannite unites with chloride of sodium, forming colourless crystals containing 24*2 
p. c. NaCl (Itiegel, Jahrb. pr. Pharm. 4 , 8 ; Pkarm. Centr. 1841,693). Neither 
Leuchtweiss nor Knop & Schnedermann were able to obtain this compound; Riegel's 
other statements likewise show that his mannite contained glucose. (Kr.) 

Barium-compound. — When tho solution obtained by triturating 
together equal pts. of bury ta- crystals, water and mannite, is mixed 
with absoluto alcohol, a resinous precipitate is formed, which, after 
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washing with hot alcohol, contains 23*2 p. c. baryta. It has a strongly 
alkaline taste. When it is heated in a stream of carbonic add, man- 
nite separates out. It dissolves in water and in aqueous alcohol but 
notin absolute alcohol (Brendeeke). — -When mannite is mixed with an 
equivalent quantity of baryta-crystals and 3 or 4 yds. water, the mix- 
ture left to stand for two days and occasionally shaken, and the 
filtrate precipitated with alcohol, the flocks which fall down unite to a. 
thick syrup, which may be purified by repeated solution in water and pre- 
cipitation with alcohol. On heating this syrup in the water-bath, 
there remains a translucent, very tenacious and glutinous mass, which 
increases to 4- or 5' times its original volume when heated to 100°, and 
on cooling forms a deliquescent, tumefied, translucent glass. The 
aqueous solution when left to itself deposits crystals of baryta, solidi- 
fies, when heated, to a compact mass like coagulated while of egg, and 
becomes only partially clear on cooling (Ubaldini). 

After drying over oil of vitriol, it contains 1 .0*1 p. n, water, which escapes nt 1(30° j 
in the anhydrous state, it contains from 37*0 to 37 ‘0 p. c. baryta, and from (33*0 to 
(52*7 p. c. mannite, corresponding to the formula C (i II“() <! ,2BaO. So according to 
Ubaldini ; but his formula just quoted requires (>2*735 p. o. I5n() and 357*27 p. o, 
marmite, whereas his analytical data (perhaps a fleeted with press-errors) give 3i7*(>8 and 
17*95 p. c. BuO, 47*00 and 61*93 mannite. The true formula of the compound 
appears to be 2C 1 “H 14 O i “,3BaO + 12110 (calc. 38*79 p. c. BaO, 01*21 mannite, 15*435 
water). Kr. 

Strontium-compound. — Aqueous mannite dissolves strontia, the 
quantity dissolved at the boiling heat being about one-fourth of the 
weight of the mannite. (Kicgcl.) The strontia- salt is obtained like 
the baryta-compound, which it resembles. The aqueous solution 
becomes but slightly turbid on boiling. The compound dried at 100° 
gives off from 22 to 24 p. c. water at 120°, and then contains from 
20*1 to 21*0 p. c. strontia, and 80*0 to 78*5 p. c. mannite, corresponding 
to the formula Sl’0,0 ]s ll 14 0 12 (calc. 22*15 p. c. SvO and 77*85 mannite) ; in the 
hydrated state, with 8 at. water (calc. 23*54 p. c.). (Ubaldini.) 

Calcium-compound. — Aqueous mannite dissolves hydrate of lime, 
with evolution of heat. ( Brendeeke.) If the solution contains in 
100 c. c. 1*G gr. mannite or less, it takes up constantly ,3*7 pts. lime to 
100 pts, mannite (after deducting the lime which the water itself 
would dissolve); but more concentrated solutions take up a larger 
quantity, those containing 2*4- gnus., 4*8 grins, and 0*0 gnus, mannite 
in 100 e. c. taking up respectively 4*5, 4*7 and 6*27 pts. lime to 100 pts. 
mannite (Bert helot, N 1 Ann. Whim. ,/%.<?. 40, 177). The solution has an 
alkaline taste and reaction, becomes turbid when heated and clear 
again on cooling (Brendeeke). The concentrated solution solidifies 
■when heated to 85 , and completely at 00°, forming a compact mass 
containing 50 p. c. lime, therefore perhaps the sexhasie compound 
C 12 F£ u 0 12 , OCaO, and becomes quite clear again when cooled to 50°. 
When excluded from the air, it deposits a precipitate, and in contact with the air, 
yields shining crystals, probably consisting of penta-hydrafed carbonate of lime. On 
j ddition of hydroehlorate of strontia or magnesia, it yields precipitates, which, after 
washing, are free from mannite (Ubaldini). 

a. Bibasic. — C 12 II 14 0 12 ,2Ca0.— A mixture of 200 pts. mannite and 66 pts, 
hydrate of lime is covered with 600 pts. of water, and left to stand fox 
two days with frequent agitation, and the filtrate is precipitated with 
alcohol. The white flocks unite into a resinous mass, which is purified 



MANNITE. 


367 


by repeated solution and precipitation out of contact of air. Dried 
over oil of vitriol between 100° and 120°, it gives off 14 p. c. water 
(4 at. = 13-13 p.e.j, and at 160°, it turns yellow, without further loss. 
It is decomposed by carbonic acid, without separation of marmitan. 
After drying at 120°, it contains, on the average, 23*45 p. c. lime and 
76*65 p. C. mannite (calc. 23-53 p. c. CaO, 76-47 p. C. mannite). (Ubaldini.) 

b. JWonobasic compound. — C 12 [T I4 0 12 ,Ca0. Bimannitate of Lime . — Wboii 
a solution of the bibasic compound is left to evaporate, crystals of 
mannite first separate out containing 5*3 p. c. lime; and the mother- 
liquor, on standing, deposits a crystalline salt, which, after drying at 
120°, contains on the average 13*22 p. c. CaO and 86*15 p. c. mannite, 
answering to the formula C 12 II u 0 12 , CaO (calc. 13-33 p. c. CaO, 86*67 
mannite). (Ubaldini.) 

Aqueous mannite dissolves magnesia and a small quantity of moist 
hydrate of alumina (Riegel). — A solution of mannite heated with potash- 
ley behaves with nitrate of cobalt like cane-sugar (p. 263). (Herzog, 
Ah Br. Arch, 50, 290.) 

Lead-compounds. — Aqueous mannite dissolves lead-oxide, forming 
an alkaline liquid preei pi table by ammonia. It is not precipitated 
either by neutral or by basic acetate of lead, but an ammoniacal solu- 
tion of the neutral acetate produces a precipitate in the concentrated 
solution of mannite (Berthelot). — The mannite may be recovered from 
the load-compound in its original state. 

a. 8 who sic. — The compound b treated in the recently precipitated 
state with cold, or after drying, with boiling water, is resolved into an 
insoluble basic and a soluble neutral lead-compound of mannite. 


12 C 

.. 72 0 

8*81 

Favre. 
mean . 

8-82 

10 II 

... 10*0 . 

... 1*22 ... 

1*24 

8 O 

.. 64 ‘0 . 

... 7*83 ... 

7*01 

6 PbC) 

.. 670-8 . 

... 82-14 ... 

82-03 

C'WWO'^PbO .. 

816*8 . 

... 100-00 ... 

100*00 


b. Quadnbmic. — Into a warm ammoniacal solution of neutral 
acetate of load, a concentrated aqueous solution of mannite is poured, 
In quantity not sufficient for complete precipitation. The mixture, 
which Is clear at first, deposits, after standing for some time, slender 
la micas which must be collected out of contact with the air and pressed. 
The same compound is separated from the preceding mixture by alcohol, 
and may be obtained pure by washing with alcohol. -— It does not give 
off the whole of its water in vacuo till heated to 130 n , turning yellow at 
the same time, but without further alteration. It is decomposed by 
boiling with water, or in the recently precipitated state, even by wash- 
ing with cold water, the basic compound a then remaining. The filtrate 
yields by evaporation a crystalline deposit of 1>, and if evaporated in vacuo after the re- 
moval of this deposit, it leaves a mass which, after drying at 130°, contains 67'9 p. c, 
lead-oxide, together with carbon, hydrogen and oxygen, in proportions answering to the 
formula C B H 5 0 4 f (Favre.) 
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Fiivre, 



at 130° in vacuo . 


mean. 

12 

C 

72 0 .... 

12*15 ... 

12*15 

10 

II 

1(H) 

1 59 ... 

1*07 

8 

0 

01*0 .... 

10-S.l ... 

10*88 

4 

PbO 

447*2 .... 

75*34 ... 

. ... 75*80 

C w 

IPWO 12 

593*2 .... 

100*00 .... 

100*00 


Knop regards Favre’s lead-compounds as mixtures (sec Pkarm. Ccntr. 1850, 50). 

Mannite protects ferric salts from precipitation By various reagents 
(H. Rose). Aqueous mannite does not dissolve the oxides of antimony 
bismuth, zinc , iron or tin (Ricgel). 

Aqueous mannite docs not dissolve cupric oxide (Riegvl) — From an 
aqueous solution of mannite mixed with cupric sulphate, potash throws 
down a blue precipitate which dissolves in excess of the alkali, 
without undergoing any alteration on boiling. 

Mannite is nearly insoluble in cold absolute alcohol , andbut sparingly 
soluble in the same liquid when heated (Ruchholz) ; in hot aqueous 
alcohol it dissolves in such quantity that the liquid solidifies to a 
crystalline pulp on cooling. It dissolves at 14° iu 1430 to 1000 pts. 
absolute alcohol, and at 1*5° in 84 to 90 pts, alcohol of sp. gr, 0*8985 
(Berthelot). — Insoluble in ether. 


Appendix to Mannite . 

Mannide. 

C W II 10 G 8 or C 24 II 20 G 1S . 


Beutueiot (1856). N. Ann. Chim. Phgs. 47, 312; Chun. organ, Paris 

1860, 2, 204 ; Lieh. Popp. Jahresher. 1850, 657. 

Obtained in one instance by heating mannite with butyric add in a 
sealed tube to a temperature between 200° and 250”. After decanting 
the liquid containing the butyric acid, there remained at the bottom of 
the vessel, crystals of mannite, and a liquid which, when dissolved in 
water, evaporated to dryness, taken up with absolute alcohol, again 
evaporated, washed with ether, rcdissolvcd in alcohol, and evaporated, 
— yielded mannide. 

Properties. Thick, scarcely fluid syrup, having a sweet taste, with 
bitter after-taste. Neutral. Volatilises slightly at 100°, more at U0\ 
Volatilises when heated on platinum-foil, apparently without decom- 
position. 



at 104°. 


Berthelot 

12 C 

72 ... 

. 4f);3 . 


10 H 


.. 6*9 . 

7*3 

8 O 

04 ... 

. 43*8 

44*0 

C 13 H 10 O 8 .... 

146 

. 100*0 

100*0 
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Deliquesces in contact with the air, and is partially converted into 
mannite. In a moderately damp atmosphere, it takes up 40 p. c. 
water in 12 hours ; in an atmosphere saturated with moisture, it takes 
up 80 per cent, in 4 days, part of the water evaporating again on stand- 
ing, and crystals of mannite separating* out. — -When left in contact 
with oil of vitriol at 100° for several hours, it forms a compound whose 
baryta-salt is amorphous and insoluble in water. When mannide is 
heated to 200° with benzoic acid , a neutral compound insoluble in ether 
is formed, probably bibenzo-mannitc. — When mannide is heated to 
100° with baryta-crystals , a small portion of it is converted into mannite. 

Soluble in water and in absolute alcohol; insoluble in ether. 


Mannitan. 

C 12 IP0 10 . 

Bertiielot. N. Ann. Chim. Phys. 47, 80G ; Lieb. Kopy. Jahresber . 1856, 

655 ; Chim. organ. Paris, 1860, 2, 172. 

Formation. 1. By heating* mannite to 200°. — 2. By decomposing 
mannitic ethers with water at 240°, with acids, alkalis, or lead-oxide at 
100°, or with alcohol. — 3. By heating mannite with concentrated 
aqueous or alcoholic hydrochloric acid. 

Preparation. 1. When mannite is heated for some minutes to 200° 
in an open capsule, part of it gives off water, and. is converted into 
mannitan, while another portion remains undecomposcd. The product is 
dissolved in water; the solution evaporated till the undecomposcd 
mannite crystallises ; the last mother-liquor evaporated to dryness over 
the water- bath ; and the residue exhausted with absolute alcohol, 
which takes up the mannitan. To remove the secondary products 
formed by the heat, the alcoholic solution is digested for some hours 
with oxide of load ; the filtrate mixed with water is freed from dis- 
solved lead by sulphuretted hydrogen, and evaporated to dryness ; and 
the mannitan is extracted from the residue by absolute alcohol.— 
2. Mannite is boiled with fuming hydrochloric acid in a long-ueeketl 
flask for 60 hours ; the liquid is evaporated over the water- bath ; the 
residue mixed with oxide of lead and digested with alcohol; a, ml the 
solution, after being treated with sulphuretted hydrogen, and freed 
from sulphide of lead by filtration, is evaporated to dryness. The 
residual syrup Is treated with absolute alcohol; any mannite that may 
remain mixed with it is suffered to crystallise out; the filtrate m 
evaporated; and the mannitan which remains is further purified ^ by 
washing with ether, re-solution in absolute alcohol, and evaporation. 
— 3. Mannite may also be dissolved in a mixture of alcohol and fuming 
hydrochloric acid, and the solution heated to 100° in a Healed tube for 
(Jo hours, the liquid then separating into two layers, the upper of 
which consists of chloride of ethyl. This is removed, the lower 
aqueous stratum evaporated to dryness over the water-bath, and the 
residue purified as in (2). — 4. when stearo-mannite is heated with 
water in a sealed tube to 240°, stearic acid separates, and an aqueous 

VOL. XV* 2 It 



372 


SACCHAROlDAL SUBSTANCES C 12 H 14 G 12 . 


Appears to be produced under tlie same circumstances as mannito-bisulphunc acid 
(p. 371), and known, like that compound, only in combination with water and with 
bases. Discovered by Knop & Schnedermann. More recently (Pharm. Ccntr. 1849, 
803, and 1850, 51), the former expresses a doubt as to whether the substances examined 
by themselves and by Favre were of definite chemical constitution. 

The lead-salt is obtained in aqueous solution by dissolving man- 
nite in oil of vitriol, diluting with water, digesting with carbonate of 
lead, and filtering from sulphate of lead ; and this solution, decomposed 
by hydrosulphuric acid, yields aqueous mannito-tersulplmric acid , as a 
colourless strongly acid liquid, which is resolved by evaporation into 
mannite and sulphuric acid. 

The mamito-tersulphates are easily decomposible, and are all soluble in 
water. Knop & Schnedermann gave the formula C S H 7 M 2 0 8 ,4S0 3 ; Gerhardt ( Compt , 
chim. 1, 20) and Strecker, that which is here adopted. 

Potash-salt, — Obtained as a yellow syrup by precipitating the 
aqueous lead- or baryta-salt witli sulphate of potash, and evaporating 
the filtrate at a gentle heat. This syrup dries up between 50° and 00 J 
to a translucent deliquescent gum, which is insoluble in alcohol and 
contains a small quantity of sulphate. 


Knop & Schnedermann. 


12 C 

.... 72'0 . 

... 13*42 

14*13 

11 H 

.... no 

... 2*05 

2*40 

6 S 

.... 96*0 

.. 17*89 

17*45 

27 0 

... 216“0 

... 40*25 

40-04 

3 KO 

.... 14T6 

... 26*39 

25*98 

C 12 H n K 3 0 12 ,6S0 3 .... 

.... 536*6 

... 100*00 

100*00 


Soda-salt . — Obtained like the potash-salt, which it also resembles. 


Knop & Schnedermann, 


12 C 

72 

14*75 

14*48 

11 H 

11 .... 

2*25 

2*17 

6 S 

96 .... 

19*67 


27 0 

.... 216 .... 

.... 44*27 


3 NaO 

93 .... 

19*06 

18*84 

C 1= H u Na 3 0 1 '-',6S0 3 ... 

488 ... 

. ... 100*00 



Baryta-salt, — k solution of mannite in oil of vitriol is mixed with 
water, and the solution is neutralised with carbonate of baryta and 
evaporated, during which process small quantities of sulphate of baryta 
are continually deposited. The solution, concentrated till it forum a 
saline crust, deposits, on cooling, white crystalline grains, and if some- 
what more concentrated, solidifies to a jolly, which dries up to a white 
fissured mass. Alcohol precipitates it from the aqueous solution as a 
white, indistinctly granulo-crystallmo powder. The salt is euBily 
decomposed by heat. More recently Knop makes the following statements 
The baryta-salt, prepared as above, by evaporating the solution and drying at 65°, gave 
45’5 p. c. BaO,SO ,* the same solution, precipitated with absolute alcohol, yielded a 
salt which gave 497 p. c. BaO,SO\ 14*56 C, and 2*4 N. The solution remaining 
d c>vi P^Ftation, left, on evaporation to dryness, a salt which gave 25*8 p, c. 
BaO,!sO . Hence, Knop regards it as probable that the salts examined by himself and 
bchnedermann were mixtures ( Pharm . Centr. 1849, 802), 
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Knop & Schnedermanu, 


12 C 

. 72*0 . 

.. 11*53 

11*19 

11 H 

. 11*0 

.. 1*76 

2*03 

6 S 

96*0 . 

.. 15*37 

15*32 

27 O 

21C*0 . 

.. 34*59 

35*11 

3 BaO 

. 229*5 . 

.. 36*75 

36*35 


, 624*5 . 

... 100*00 

100*00 


37*97 p. c. BaO corresponds to 57*82 p. c. BaO, SO 3 . 

Lead-salt. — (Preparation p. 372.) The aqueous solution deposits sul- 
phate of lead when evaporated at a gentle heat, and leaves a turpen- 
tine-like mass which decomposes on further exposure to heat. Pre- 
cipitated by alcohol from the concentrated solution in oil-drops, which 
dry up, in vacuo, to a yellow amorphous deliquescent mass, and 
leave a small quantity of sulphate of lead when dissolved in water. 

Knop & Schnedermann, 


12 C 

72*0 .. 

. 9*87 

9*48 

11 H 

110 .. 

. 1*41 


6 S 

90*0 .. 

. 13*26 


27 O 

216*0 .. 

. 29*62 


3 PbO 

334*2 .. 

. 45*84 . 

44*38 


C 12 H n Pb 3 0 12 ,6S0 3 .... 729*2 .... 100*00 


Chlorhydro-mannitan. 

C 12 CPII 10 O c as G“nW,2H0L 

Berthelot. jV. Ann. Chm. Phys . 47,' 334 ; Chim. organ . 2, 197 ; Lkb, 

Kojyp. Jahresber. 1856, 661. 

Mannite chlorhydnque or monochlorhydrique ; CMormamitanafcr (p. 362). 

Mannite is heated to 100° in a closed tube with 10 to 15 pts. 
fuming hydrochloric acid; the liquid is neutralised with carbonate of 
potash, shaken up with other, and evaporated ; the syrup is left at 
rest for some months in vacuo ; and the crystals which separate arc 
purified by recrystallisation from ether. There remains a mother-liquor, 
perhaps consisting of similar compounds. 

White, microscopic crystals resembling mannite, with a bitter aro- 
matic taste and aromatic odour, which is emitted when they are heated. 
Neutral. Molls when heated, and solidifies in a crystalline mass on 
cooling. Volatilises without decomposition when heated on platinum- 
foil. 


12 CL.. 

.... 72 . 

... 35*82 

Berthelot 
35*9 

2 Cl 

.... 71 . 

... 35*32 


30 H 

.... 10 . 

... 4*97 .. 

5*6 

6 O 

.... 48 . 

... 23*89 


C 12 Cl 2 H 10 O 6 ..... 

.... 201 . 

... 100*00 



The vapour, when sot on fire, bums with a green-edged flame, and 
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forms hydrochloric acid. — Decomposed by lime into marmitan and 
liydrochiorate of lime. Not precipitated by nitrate of silver from the 
alcoholic solution. 

Soluble in alcohol and in ether. 


Compound of Formic Acid with Mannite, 

W. Knop. /. pr. Chew,. 48, 8G2 ; abstr. Ann, Pharm. 74, 347 ; Pharm, 

Centr. 1849, 303. 

Formile. Ameisensimre-Mannit (ses page 363). 

Formed by heating mannitc with excess of oxalic acid, which is 
thereby resolved into formic and carbonic acids. The mixture is boated 
for five hours to 110°, then for a few hours to 9(5°, to expel excess of 
formic acid and carbonic acid, after which there remains a colourless 
syrup which is liquid while hot, and solidifies on cooling. From 
tins product, the last traces of formic acid may bo removed by 
ether. 

When left for some time over oil of vitriol, it becomes turbid and 
acquires an odour. In contact with lam, it is quickly resolved into/t at. 
mannite and 2 at. formate, and is therefore, perhaps, 0 W 1I 10 0 B ,2(J 8 II 9 0 4 
(Kliop). Later ( Chemische Methoden , Leipzig, 1859, 281), Knop gives the for* 
mula C 12 H 14 Q 12 ,C 2 H 2 0 4 , which does not agree with his earlier analysis. He regards it 
as doubtful whether this compound belongs to the ethers of the third class (Enter, vii, 
215), inasmuch as it is much less stable than Berthelot’s mannitic ethers. 


Ethylo-mannitan. 

C M H 20 O 10 = C 12 n i0 O 8 ,2C‘E 5 O. 

Bekthelot. N. Am. Cliim. Phys. 47, 341 ; Chim. organ. 2, 203 ; Lkb. 
Kopp. Jahresber. 1856, 663. 

Mannitmvinqfer. 

A mixture of mannitc, potash-hydrate, a small quantity of water, 
and bromide of ethyl, is heated to 100° in a sealed tube for 80 or 40 
hours, then shaken up with ether and the extract evaporated* 

Colourless, bitter syrup, which volatilises* without decomposition 
when heated on platinum-foil. 


20 C 

. 120 . 

... 54*54 .. 

Berthelot. 
54*3 

20 H 

. 20 . 

... 9-09 .. 

9*7 

10 O 

. 80 . 

... 30-37 .. 

36*0 

C 20 H 20 O 10 .,.. 

. 220 .. 

... 100*00 .. 

100*0 


Carbonises when heated in a tube. — Decomposed by a mixture of 
oil of vitriol and butyric acid, with formation of butyrate of ethyl. 
Nearly insoluble in water, easily soluble in alcohol and ether. 
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Aceto-mannitan. 

C 20 II 1G O u = C 12 Il 10 O 8 ,2C 4 IPO 3 . 


Berthelot. JV7 Am C/mm. P/n/s. 47, 315 ; Cftm. 2, 185 ; Lid). 

Kojyp. Jahresber. 1856, 657. 

Mannite acclique or monoacctique. — Biessigsdnre - Mamitandther, Emgman- 
nitanester. 

Formation. By heating mannite with glacial acetic acid to 200° — 
220 . In contact with oil of vitriol and acetic acid, at mean temperatures, or with 
glacial acetic acid at 100° C., mannite forms only traces of this compound. 

Preparation. A mixture of glacial acetic acid and mannite is heated 
to 200° — 220° for 50 or 60 hours ; and the product is mixed with 
aqueous soda-solution, neutralised completely by adding a small quan- 
tity of solid potash, and shaken up with ether as long as that liquid 
takes up any of the compound. The ethereal extracts arc decolorised 
with animal charcoal and evaporated in vacuo at a gentle heat. 

Properties , Neutral syrup, having a very bitter taste. Inodorous 
in the cold, but gives off a peculiar odour when gently heated. When 
heated on platinum-foil it volatilises almost without decomposition. — 
Decomposed with baryta-water, it yields 40*4 p. c, acetic acid (calc. 48*4 p. c. OTTCd), 
and 74*4 p. c. mannite, together with mannitau (calc. 73*7 p. c. mannite). 


20 C 

120 . 

... 48*39 .. 

Berthelot, 
48*7 

10* II 

16 . 

... 6-45 .. 

6*7 

14 O 

U2 . 

... 45*16 .. 

44*6 

two 14 

248 . 

... 100*00 .. 

100*0 


Decompositions. 1. Heated in a tube, it decomposes and gives off an 
odour of caramel. — 2. It undergoes but very slight alteration when 
kept for many months in contact with water containing alcohol. — 
3. Alcoholic hydrochloric acid decomposes it in a few days, into mannitau 
and acetic acid ; but by longer-continued action, mannite is like- 
wise formed, — 4, Jkiryta-water acts slowly at 100°, decomposing it 
completely in 50 hours, into mannitau and acetate of baryta. 

In water it dissolves without decomposition, even at the boiling 
heat. Soluble in alcohol and in ether, but not in sulphide of carbon. 


Bibiityro-mannitan. 

C 28 IP 4 G U = C 12 II 10 O 8 ,2C 8 II 7 O 5 . 

Bertiielot. JST. Ann. Chim. Phys . 47, 319 ; Ohm. organ. 2, 188 ; Lick 
Kojyp. Jahresber . 1856, 658. 

Mannite wmobutyrique (Berthelot). Bi b u t ter mure -mania tarrnt er. 
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Obtained, in larger quantity than aceto-mannitc, l>y heating man- 
nite with butyric acid to 200° for ten hours, and purified in the same 
manner as aceto-mannitc. 

Semifluid, tenacious mass, intermixed with microscopic needles, 
mobile and having a faint odour when hot. Neutral. Tastes very 
bitter. When heated on platinum-foil, it volatilises in thick vapours 
and almost without decomposition. Decomposed by baryta-water, it yields 00*4 
p. c. butyric acid and 52-2 p. c. mannitan (calc. 57*9 p, c. C 8 0 8 Cr and 54*0 C l3 H 13 Q 10 .) 

Bcrtlielot. 


28 

C 

168 .. 

.. 55*26 .... 

.... 54*85 

24 

H 

24 .. 

.. 7*89 .... 

.... 7*85 

14 

0 

112 .. 

.. 36*85 .... 

.... 37-30 


C 28 H 24 0 14 304 .... 100 00 100*00 


Decompositions. 1. When the compound is rapidly heated , a small 
portion of it chars, burns with a white luminous flame, and an odour 
like that emitted by tartaric acid under similar circumstances. — 2. By 
contact for some months with water containing alcohol, or by boiling 
for several hours, a small portion of the acid is set free. Completes 
decomposition into butyric acid and mannitan is effected by heating it 
with water to 240°. — 3. Alcoholic hydrochloric acid, even in the cold, 
forms mannitan and butyric ether. — 4. The compound is likewise 
decomposed into mannitan and a butyrate by heating with baryta-water 
or lead-oxide. — By excess of butyric acid at 200° — 250°, it is converted 
into quadributyro-mannitan. 

Insoluble in water, slightly soluble in sulphide of carbon, easily in 
alcohol and ether. 


Quadributyro-mannitan. 

C 44 IP0 1S = C 13 IP0 6 ,4C 9 IF0 3 . 


Berthelot, he. cit . 

Mannite dilmtyrique, Quadributters'dure-mamiiarmter (p. 302). 

Obtained by heating bibutyro-mannitan with excess of butyric add 
to 200° — 250°, and purified like aceto-mannitc. — -When a mixture of equal 
pts. mannite, butyric acid and oil of vitriol is left to itself for a week, then diluted with 
water, neutralised with carbonate of potash, and shaken up with ether, the ether takes 
up an oil which contains 5S-3 carbon and 7*8 hydrogen, hut yields on decomposition a 
small quantity of sulphuric acid as well as butyric acid and mannitan. 

Colourless, hitter, neutral oil, which volatilises without residue 
when heated on platinum foil. 

In vacuo , Berthelot 

44 C 264 .... 59*47 59*8 

36 H 36 .... 8*11 8*2 

IS O 144 .... 32* 42 32*0 

C 44 H 3t '0 ls 444 .... 300*00 100‘0 

Soluble in alcohol and precipitated by water. 
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Succino-mannitan. 

C 20 II 14 O u = C 12 II 10 O 9 ,C 8 II 4 O fl . 

Van Bkmmklen. Schtihind. Verhanddingen cn Onrterzod:. 13; abstr. 
Kopp’s Jahresber. 1858, 434.. 

Bernsieinsanre-mannitanefiter (p . 363). 

Mannito and succinic acid in equal numbers of atoms arc heated 
together in the oil-bath to 170°, whereupon the mixture gives off 
water and melts to a yellow liquid, and then solidifies to a hard, dark- 
grey mass, which is to be triturated and well boiled with alcohol. 
Tasteless. Neutral. 

vail Bemmelen. 

at 1 70° — 180°. mean. 

20 C 120 .... 48*73 ........ 48*90 

14 H 14 .... 5*68 5*53 

14 O 112 .... 45*54 45*57 

C 20 lI ll O 11 24G .... 100*00 100*00 


Decomposed by prolonged boiling* with water. — Dissolves in oil of 
vitriol and in warm nitric add , succinic acid being* set free, and mannito 
entering into combination with the mineral acid. — Decomposed by 
boiling with lead-oxide, with separation of succinate of lead, part of 
the lead, however, remaining in solution as mannito-succinate. 

Insoluble in ivater, alcohol , and ether. 


Mannitartaric Acid. 

C 30 II 18 O 85 or C 60 IP 6 0 70 . 

Bkrtttrlot. TV. Ann. Chm, Phys. 47, 330; Chm. organ. 2, 200; Lid, 

Kopp, Jahresber . 1850, 000. 

Acide mannUartrUpie or mannUritartrupie, Mannit art endure . — Known only in 
combination (p. 303). 

When a mixture of equal pts. mannito and tartaric acid is heated 
for five hours to 100° — 120" in a open vessel, a glutinous very acid 
mass is produced, which is a mixture of mannitartaric acid, tartaric 
acid and mannito. This mixture is triturated with carbonate of lime 
and a small quantity of water till it becomes neutral, then filtered and 
precipitated with alcohol. The precipitated mannitartrate of lime 
purified by repeated solution in water and precipitation with alcohol, and 
decomposed in aqueous solution with an equivalent quantity of oxalic 
acid, yields aqueous mannitartaric acid, which is gradually resolved 
into mannite and tartaric acid. 

Mannitartaric acid is tcrbasic. (Bcrthelot) if I at. of the acid be supposed 
to contain 1 at. mannite (C 12 ), the acid must be regarded as sexbasic, and represented by 



378 


SACCHAR01DAL SUBSTANCES C 12 H 14 0 12 . 


the formula C C0 H 3G O 70 (Kr.) Its salts heated with hydrate of lime to .100° 
for fifty or sixty hours, are resolved into mannitc, mam atari, and 
tartaric acid. 

Mannitarfmte of Lime. ~ Tcrbasic.-* White, loosely coherent, amor- 
phous powder, which dissolves easily in water win m recently precipitated, 
but with difficulty after drying, and is precipitated by alcohol. ^ Alter 
drying in vacuo, it retains 6 at. wato.r, 4 at. of which, amounting to 
6*0 p. c. (calc. 6*1 p. c. IIG) go off at 140°* 



In vacuo. 


Berthelot. 

30 C 

180 .. 

.. 30*56 .. 

30*1 

21 II 

21 .. 

.. 3*57 ... 

3*9 

38 O 

304 .. 

.. 51*61 ... 

52-4 

3 CaO 

84 .. 

.. 14*26 ... 

13*6 

C 30 Ca 3 H ,fi O 35 l OHO .... 

589 ... 

100*00 ... 

100*0 


Mannitartmte of Magnesia. — Obtained like the lime-salt, mar/nma 
alba being used instead of carbonate of lime. On mixing the aqueous 
solution with alcohol, the salt is precipitated as a soft, semi-fluid mass* 
It is more soluble than the lime-salt in aqueous alcohol. The salt, 
after drying in vacuo, gives off 31*2 p. c. water, corresponding* to 
30 at. (calc. 31*36 p. c.) at 140°. 


30 C 

In vacuo, 

180 .... 

, 20*91 . 

Berthelot 
20*7 

45 H 

45 .... 

5*23 . 

5*1 

62 O 

496 .... 

57*60 . 

57*5 

7 MgO 

140 .... 

, 16*26 . 

16*7 


CSQMgSlPSO^^MgO^Oaq 861 .... 100*00 100*0 


Citro-mannitan. 

C 24 IF0 13 = C 13 I1 10 0 8 ,C 12 II 4 0 10 . 

Van Bemmelen. ScMhund. Verhandlingm en Ondm'zodrfugen, 2 /kef 
1 Stuck , Rotterdam, 1858. Onders. 17 ; abstr. Kopp's Jahmber, 
1858, 481. 

Citromannitanexter (p. 363). 

A mixture of citric acid and mannite in equal numbers of atoms 
is heated to 130° — 140°, till the mass becomes dry, friable and taste- 
less. 

Light-yellow, very hygroscopic mass, which decomposes like sucoino- 
mannitan when boiled with water, alcohol or alkalis , or when oil of 
vitriol or nitric add is poured upon it. — Insoluble in water, alcohol , and 
ether. 





van Bemtnolen. 


at 152°. 


mean. 

24 C 

144 ... 

. 47*68 

47*12 

14 H 

14 .... 

, 4*63 


18 O 

144 .... 

, 47*69 

48*05 


C 24 H 14 O ls 302 .... 100*00 ........ 100*00 
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Bicltro-mannitan, 


(j 80 JP°O 30 = 0 12 ll 12 0 10 ,20 12 IP0 10 . 


Van Bemmelen, loc. cit. 

See pp.3G2, C63. — I at. mannite is heated to 140° with 2 at. citric acid, 
till the mass has become hard, dry and tasteless. — Light yellow, 
neutral mass, decomposed by boiling* for some time with water or baryta- 
water , 


van Bemmelen. 
mean. 


36 C 

216 . 

... 45*38 ... 

45*46 

20 U 

.... 20 

... 4*20 .... 

4*46* 

30 O 

.... 240 

... 50*42 ... 

50*08 

C36H 2l, O :i0 .... 

476 . 

... 100*00 ... 

100*00 


Bibenzo-mannitan. 

c 4o rp°o u = c i2 ii io o 8 ,2c u ii 3 0 3 . 

.Beetttelot. N. Ann. Ohm. Phys . 47, 327 ; Clum. organ 2, 193 ; Lieh. 

Kopp. Jahr other. 1856, G60. 

Mannite benzoique or monobcnzu'ique. Bibenzoemanrtitancster (p, 362). 

Obtained by heating mannite with benzoic acid to 200° for ten hours, 
and purified like aceto-mannitc (p. 375), till it reacts neutral. 

Tough, semi-solid resin which, may be drawn out into threads. 
Neutral, tasteless at first, afterwards bitter and aromatic. 

at 120°. Bcrthelot. 

40 C 240 .... 64*52 CJ*1 

20 II 20 .... 5*37 5*8 

14 0 112 .... 30*11 30*1 

O t0 IT' 0 O l,< 372 .... 100*00 1001) 

When heated on platinum-foil, it smells like roasted apples, chars, 
and burns away without residue. Heated in a test-tube, it yields 
needles of benzoic acid. — When loft for several months in contact 
with water containing alcohol, it turns sour and gives off the odour of 
benzoic ether. — By alcoholic hydrochloric add, baryta-water, and lead- 
oxide, it is decomposed less easily than bibutyro-mannitan. — By a 
larger excess of benzoic add between 200° and 250°, it is slowly con- 
verted into hexabenzo-mannitan. 

Insoluble in water, nearly insoluble in sulphide of carbon , easily 
soluble in alcohol and in ether. 
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Hexabenzo-mannitan. 

C 9C IP0 22 = 0 la IP0 4 ,G0 14 Il s 0 3 . 


Beeti-ielot, loo. tilt. 

Mannite tribenzo'iqne ; Hexabenzoemamit&nester. — Bibcnzo-niaimitail IS 
heated to 200°— 250° in a scaled tube for 20 hours, with a large 
excess of benzoic acid ; the neutral compound thus formed is extracted 
from the product, and treated in like manner with benzoic acid a second 
time ; and the product is purified like aeeto-mannite. 

Solid, neutral resin, which is decomposed by heating with hydrato 
of lime, and contains 73*4 carbon, 5*2 hydrogen and 21*4 oxygen, corres- 
ponding to the formula C 90 iP ! CP (calc. 73*1 p. c. C.,4*0 1L and 22*3 0.) 


Nitro-mannite. 

C 12 N 6 n 8 Q 36 = C 12 II 8 X°0 13 . 

Fl. Domonte & Men aud. Compt. mid. 24, 89 and 391 ; JSf. J. Pharm. 
12, 159 ; Pharm. Centr. 1847, 892. 

Sobeeeo. Compt. rend. 25, 121; Ann. Pharm. G4-, 397; Dingl. 105, 
878. 

A. Streckee. Ann. Pharm. 73, 59. 

A. Knoi\ Pharm. Centr. 1849, 806; 1850, 49; J.pr. Chm. 48, 309; 
49, 228 ; Ann. Pharm. 74, 347. 

A. & W. Knop. Pharm. Centr. 1852, 129 ; in detail : J. pr . Chm. 
56, 337. 

Mannite quintinitrique (Domonte & Mdnard), trinitrique (Berthelot). 

Preparation. 1 pt. of pulverised mannite is triturated witli a small 
quantity of nitric acid of sp. gr. 1*5 till it dissolves ; a small quantity 
of oil of vitriol is added, then nitric acid and oil of vitriol alternately till 
4-4 pts. nitric acid and 10| pts. oil of vitriol have been consumed. The 
pasty mass is mixed with a largo quantity of water; and the separated 
nitromannite is collected, and purified by rccrystallisation from alcohol. 
(Strecker, Knop.) In the mother-liquid there remains a small quantity of a much 
more fusible product, which may be extracted by ethdr after neutralisation with carbonate 
of potash. (Berthelot.) 

Properties. White, silky needles, melting between 68° and 72° 
(Beckamp, Compt. rend. 51, 258). 


12 C 

72 .. 

.. 15*93 

Domonte 
& Menard. 

.... 17*20 .... 

Svanberg 
& Staaf. 

.... 19*40 ..... 

Strecker. 
.... 16*07 

6 N 

84 .. 

., 18*58 

.... 17*25 


18*20 

8 H 

8 .. 

.. 1*77 

.... 1*85 

I 2*15 

... 1*94 

36 O ...... 

288 ... 

.. 63*72 

.... 63*70 


63*79 


C K X 6 H«0 12 .,.. 452 .... 100 00 .... 100*00 


100*00 
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Earlier formulae, the incorrectness of which has been shown by Streckcr ( — for the sake 
of uniformity, the nitrogen is given in all cases ashyponitricacid— ) ; C 12 Ii 7 X 5 0 12 (Domcrate 
& Menard) ; 0 l2 H 9 X^O 13 (Svanberg & Staaf, Sera. Jahresber. 1849, 360) ; C u H°X B 0“ 
(Stenhouse, Am. Pharm. 70, 218). Svanberg & Staaf s analyses led Bertlielot {Chin, 
organ. 2, 195) to regard the product examined by them as Mcmnite dinilrique C (i H ,, X 2 0 5 
(=C 12 H 8 X'() 10 ), for which, however, according to Strecker’s investigation, there is no 
real ground, even if (as in the case of dulcite) later experiments should reveal the exist- 
ence of two nitro-compounds. (Kr.) — According to ICnop and others, nitro-mannite 
contains nitric acid as a proximate constituent, a view of its constitution resting on 
arguments similar to those adduced in the case of pyroxylin (p. 174). 

Decompositions. 1. Nitro-mannite, when kept for some years, under- 
goes a spontaneous decomposition attended with evolution of red vapours 
and of nitric acid (Strccker). See the corresponding decomposition of nitro- 
dulcite. — 2, When heated to 90°, it regularly gives off red vapours and 
leaves a hard, white, friable residue (Bechamp, Compt. rend. 41, 258). 
When carefully heated in a test-tube, it melts, with slight evolution of 
red vapours, and solidifies in the crystalline form on cooling. When 
less strongly heated, it detonates, with abundant evolution of red 
vapours, and leaves no residue (Streckcr). — 3. It does not explode by 
slight friction, but when struck with a hammer, it detonates violently 
without apparent emission of red vapours, and sets fire to gunpowder 
mixed with it (Sobrero). — 4. Oil of vitriol dissolves nitro-mannite 
abundantly and without evolution of gas; even the addition of copper- 
turnings produces no alteration; but a few drops of water eliminate 
large quantities of red vapour, whilst the solution takes up copper and 
becomes green (Streckcr).—- Oil of vitriol diluted with from 2 to 4 per 
cent, of water eliminates from nitro-mannite, after some time, colourless 
vapours of nitric acid (Knop). — 5. When an alcoholic solution of 
nitro-mannite is mixed with a large excess of sulphide of anrnmmm which 
is completely saturated with hydrosulphuric acid, it is reduced to man- 
nito, with evolution of a large quantity of ammonia and separation of 
sulphur. If sulphide of ammonium less completely saturated with 
sulphuretted hydrogen be used, there remains, on evaporation, a 
coloured product, containing, in addition to mannito, the ammonia 
salt of an organic acid (DossaigiuiH, Compt. rend. 33, 402); see also Knop. 
Pharm. Centr . 1849, 807. — 0. By continued boiling with aqueous bisulphite 
of ammonia completely saturated with sulphurous acid, nitro-manni te is 
reduced to mannito, with formation of sulphate, nitrite and nitrate of 
ammonia (A. & W. Knop). Sulphurous add and hydrosulphuric add do not 
appear to act on nitro-mannite. — 7. By ferrous acetate it is reduced to nian- 
nito (Bechamp, N'. Ann . (Mm, J'fn/s. 40, 354), for the most part to 
jnann.it.au (Berthelot). By treating nitro-mannite with hydrochloric 
acid and iron, copper or zinc, mannito and many decomposition-pro- 
ducts are obtained. 

8. By boiling aqueous or cold alcoholic potash, nitro-mannite is 

dissolved, with red brown coloration. (Streckcr.) — 9. Nitro-mannite 
heated with baryta-water to 100° for forty hours, is dissolved with yellow 
colour, but neither mannito or maunitaa can be detected in the solution 
(Berthelot, N. Ann , Chim. Phym 47, 840). 

Nitro-mannife dissolves in alcohol and in ether, especially with aid 
of heat. 
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Second Appendix to Mannite. 

Mannitic Acid. 

C I 2 IPO“. 

Gortjp-Besanez. Ann. Pharm. 118, 257. 

The formation of a non-volatile acid from mannite was first observed by Dfibereiner 
(J. pr. Chem. 28, 4.98, and 29, 452). — This acid is produced from mannite under the 
influence of platinum -black (p. 360) ; perhaps, also, with the aid of nitric acid (p. 360). 

Preparation. A mixture of 1 pt. mannite and 2 pis. platinum-black 
is moistened with water and left to itself at a temperature not exceed- 
ing 30° or 40°, the water which evaporates being frequently renewed, 
till the whole of the mannite is decomposed, which, if 20 or 30 grins, 
of mannite are used, takes place in about three weeks. ' If the temperature 
rises above 40°, the acid undergoes further alteration, and if the mixture becomes dry, 
it sometimes takes fire. — The mass is exhausted with water; the solution 
is precipitated with basic acetate of lead; and the precipitate is 
collected, washed, and decomposed by hydros ulphuric acid. The solu- 
tion filtered from sulphide of lead is evaporated, first over the water- 
bath, then, when it begins to show colour, in vacuo over oil of vitriol 

Properties . Gummy, amorphous mass, without any sign of crystal- 
lisation. Tastes purely and strongly acid. 

Decompositions. 1. When heated to 80°, it turns brown, then black, 
and gives off gas. — 2. Heated on platinum- foil, it takes fire and burns 
with a luminous flame and an odour of caramel, leaving charcoal — 
8. Its aqueous solution turns brown when heated. — 4. Aqueous man- 
nitic acid heated with cupric-oxide and potash throws down cuprous 
oxide ; from nitrate of silver it precipitates the metal. 

Combinations, Mannitic acid dissolves in water in all proportions. 
The concentrated solution does not yield crystals when shaken up with alkaline bind* 
phites . 

With Bases. Aqueous mannitic acid decomposes carbonates with 
effervescence, and dissolves zinc and iron, with evolution of hydrogen. 
The bihasic mannitates C 12 LPM 2 O w are all, excepting the lead and silver 
salts, easily soluble in water, and most of them are amorphous or 
granule -crystalline. They are insoluble in alcohol, and when preci- 
pitated thereby, dissolve with difficulty in' water after drying, and in 
boiling water, they knead together to resinous masses, with partial 
decomposition. They decompose with great facility. 

Mannitic acid likewise forms basic salts ; mono-acid salts Gortip- 
Besanez did not succeed in preparing. The aqueous acid is not pre- 
cipitated by the salts of calcium , magnesium , aluminum , zinc, cadmium , 
copper , silver, or mercury. 

Mmnitate of Potash , — Mannitic acid exactly neutralised with 
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aqueous potash, becomes turbid ou addition of alcohol of about 90 per 
cent., and deposits a brownish semi-fluid mass, perhaps Dibasic mannitatc 
of potash. The solution half neutralised or completely neutralised 
with potash-ley, turns brown and decomposes when left to itself or 
evaporated over the water-bath, but does not yield crystals. 

Mamitate of Baryta. — Aqueous mannitic acid is precipitated by 
excess of baryta-water. The clear solution of mannitic acid neu- 
tralised with baryta- water turns acid from decomposition every time 
it is evaporated over the water-bath. Mannitatc of baryta contains 
less baryta than is required by the formula of the bibasic salt. 

Mannitate of Lime. — Lime-water reacts with mannitic acid in the same manner 
as baryta-water. Aqueous mannitic acid is heated with carbonate of lime 
till the solution becomes neutral and no longer effervesces; the cooled 
filtrate is mixed with 2 vol. alcohol of sp. gr. 0*82 ; the flocks which 
fall down are collected, washed with alcohol, and redissolved in 
water; and the solution is reprecipitated with alcohol. — ’White, 
earthy powder, — or if the precipitate has been heated under alcohol, 
— round microscopic granules, without distinct crystalline form, which 
give off adhering water at 100°. — After drying it is but partially 
soluble in water, and melts when boiled therewith to a brown resin, 
brittle when cold. 


Gorup-Besanez. 

Dried . mean. 


12 C 

72 

.... 30*76 .... 

30*33 

10 II 

10 

.... 4*28 ... 

4*39 

2 Ca 

40 

.... 17*00 ... 

1G-G9 

14 O 

112 

.... 47*87 ... 

48*59 

C ls Il 10 Ca*O u .. 

234 

.... 100*00 

100*00 


Mannitate of Lead. — Acetate and nitrate of lead throw down from 
aqueous mannitic acid, precipitates containing from 54*82 to 67*8 p. c, 
lead-oxide, while part of the mannitic add remains in solution. Basic 
acetate of lead precipitates mannitic acid completely. 

Bibasic. — Aqueous mannitic acid is boiled with oxide of lead and 
filtered hot, the filtrate then depositing a graun 1 o -crystal lit ie precipitate, 
while part of the salt remains undissolved as resin,* and suffers partial 
decomposition. — When boiled with water, it is converted into a soft 
resin, brittle when cold. 


12 C 

.... 72*0 . 

... 17*93 . 

Comp-BmncjS' 

mean. 

17*04 

10 H 

.... 30-0 . 

2*49 . 

2*37 

2 Pb 

.... 207*4 . 

... 51*00 . 

51*45 

14 O 

.... 112*0 . 

.. 27*92 . 

28-54 

CWWO u .... 

.... 401*4 . 

... 100*00 . 

100*00 


Aqueous mannitic acid partly prevents the precipitation of iron- 
salts by reagents. 

Cupnc mannitate. — Ammoniacal cupric salts form a green precipi- 
tate with aqueous mannitic acid. The aqueous acid, boiled with 
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hydrated cupric oxide, dissolves only a small quantity, but reduces a 
portion. From a mixture of the aqueous acid with cupric acetate, 
alcohol throws down a blue-green precipitate, containing more cupric 
oxide than the bibasic salt. 

Biham. — Aqueous maunitie acid is heated, with green bibasic car- 
bonate of copper (v. 414; if the blue carbonate is used, reduction is apt; to take 
place), and the emerald-green solution is evaporated in vacuo over oil of 
vitriol. A salt which sometimes separates from the green solution during cooling, 
usually contains a larger proportion of cupric oxide than the bibasic salt. Shilling’, 

green, friable plates, permanent at 100°. 



at 100°. 


Gonip-Besamez. 

12 C 

72-0 

27*97 

27-29 

10 H 

10-0 

... 3*88 

4*09 

2 Cu 

63*4 

24 03 

24*73 

14 O 

112-0 .. 

... 43-52 

43-89 

C 12 H 10 Cu 2 O 14 

257-4 

... 100-00 

100-00 


Mercurous salts and ammonia throw down from aqueous marmilio 
acid a white precipitate, which gradually turns grey. 

Mannitate of Silver. — A strong aqueous solution of mamiitato of 
lime, mixed with a syrupy solution of nitrate of silver, solidifies to a 
white pulp, which must be washed with cold water. Light olive- 
green, or greenish yellow powder. When heated in the liquid from 
which it has been precipitated, it decomposes completely, with separa- 
tion of metallic silver. 


12 C 

72 ... 

.. 17-56 

Gorup-Besanez, 

mean. 

17-52 

10 H 

10 .. 

.. 2-43 

2-19 

2 Ag ... 

210 .. 

.. 52-68 

52*05 

14 O 

112 .. 

.. 27*33 

.... 27-64 


C 12 H 10 Ag 2 O u .... 410 .... 100*00 100-00 


Maunitie acid dissolves in alcohol in all proportions, but is nearly 
nsoluble in ether. 


Dulcite. 

C W H U 0 W . 

Laurent. Comp t rend. 30,41; Compt. dim. 1850, 304; Ann * Pham, 
76, 358; J. pr . Chem . 49, 403; Pkarm. Centr . 1850, 217. — Compt. 
rend. 31, G94; Compt. dim. 1851, 29 ; Ann. Vharnu 80, 345; J. pr 
Chem . 53, 170. x 

Jacquelain. Compt. rend. 31, 625; Compt. dim. 1851, 21; abstr. 
Ann. Pharm. 80, 345 ; J. pr . Chem. 51, 163. 

Dulcose (Laurent) ; Dulcine (Jacquetain). Found in tubers, of unknown 
origin, which were sent in large quantity from Madagascar to Paris 
in 1848, and is extracted therefrom by boiling water. The aqueous 
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extract, on cooling*, yields crystals of chileite, while a colourless, nn- 
crystallisable syrup remains (Laurent). 

Properties. Colourless, highly lustrous prisms of the oblique 
prismatic system, Fig. 67 without t } but with m from Fig. GO. 3 them - 
bic prism u having* its obtuse e(lg*e perpendicularly truncated by m ; 
the ends accmniuated by the octahedron a, and this truncated by the 
oblique basic face p; u:u in front = 112° ; n : n (sideways) = 68° ; 
u : m = 146° ; m :p — 113° 45' (calc.) ; u :p = 109° 30' (calc.) ; a : p = 
140° (obs.) ; a : u = 149° 30' (obs.) ; a" : p = 115° 48' (calculated from 
the preceding data), = 115° (obs.); a : u = 134° 42' (calc.) = 135° 30' 
(obs.) (Laurent). Melts at about 190° (Laurent) ; at 182° and soli- 
difies in the crystalline state at 181° (Jacquelain). Grates between 
the teeth. Inodorous, but has a rather sweet taste (Laurent). No 
rotatory power (Biot, Jacquelain). Neutral. Sublimes under the 
same circumstances as mannitc (Berthelot). (See Melampyrite in the 
Appendix.) 


12 C 

72 

... 39*56 . 

Laurent. 

earlier. 

... 38*14 

later. 
39-20 .. 

Jacquelain. 

39*69 

14 II 

14 

7*69 . 

... 7*66* 

7*61 .. 

7*70 

12 O 

9G .. 

.. 52*75 

... 54-20 

53*19 

52*61 

C 12 H u O ia .... 

. 182 . 

... 100*00 . 

... 100-00 

100*00 . 

100*00 


Laurent and Jacquelain formerly gave other formulae. Souhciran (Compt. rend. 
30, 339) regarded dulcite as identical with mannitc, and Laurent then recognised its 
isomerism with mannite. 

Decompositions. 1. When heated above 190°, it gives off about 
9 per cent, of water; if the loss amounts to 10 per cent., the residue 
becomes coloured and gives off empyreumatic products, but if dissol ved 
in water, yields unaltered crystals of dulcite (Laurent). Under these 
circumstances, dulcitan is doubtless formed , b and then reconverted into dulcite, as Bcr- 
thelot ( Chim . organ, 2, 209) also supposes." (Is this view supported by experiment?) 
Dulcite boated to 275° gives off carbonic oxide without much colour- 
ing; between 280° and 290°, it evolves large quantities of gas smell- 
ing of acetic acid and acetone (Jaeejuolam). Dulcite yields, by dry 
distillation, the same products as mannite, but does not leave any 
carbonaceous residue (Laurent). — 2. Heated in small quantities on 
platinum-foil, it appears to boil, giving off gases and vapours of dul- 
cite, which take fire and hum completely away (Jacquelain)- — 3. Dry 
chlorine gas does not act on dulcite in sunshine, even when passed 
into its solution heated to 40°; but when chlorine gas is passed over 
dulcite in the fused state, hydrogen is abstracted and hydrochloric 
acid is formed, part of this acid remaining united with the iimh', com- 
posed portion of the dulcite in the form of a conjugated acid (Jacque- 
lain). When the product formed by chlorine is dissolved in water, — 
whereupon loose brown flocks separate, — the solution filtered, the 
excess of chlorine expelled by boiling, the hydrochloric acid completely 
precipitated by an equivalent quantity of sulphate of silver, and the 
sulphuric acid by baryta-water, there remains a neutral liquid con- 
taining baryta and likewise hydrochloric acid, preci pi fable by sulphuric 
acid and sulphate of silver. If this liquid be again mixed with sul- 
phate of silver, chloride of silver is formed, together with a soluble 
silver-salt which, when evaporated in vacuo, remains behind as an 

VOL. XV. 2 0 
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uncry stalli sable, sticky mass (Jacquclain). — 4. With bin iodide of phos- 
phorus, dulcite behaves like mamiito (Berth clot, Ohim. organ. 2, 208).—. 
5. Nitric add converts it into muoie acid (Laurent). Dairies l>oil ed with 
nitric acid according to Liebig’s method (see, Mdk-sngar, p. 220), y ields 
rrracic, oxalic, and racemic acids. As long as the lonnalhm oi the 
latter acid goes on, the solution contains a substance which reduces 
potassio-cupric tartrate in the same maimer as grape-sugar. Whilst 
therefore milk-sugar, treated with nitrioywid, yields (dexfro-) inrfarie 
acid, dulcite, treated in like manner, yields (inactive) racemic yield. 
(Oarlet, Gompt. rend. 51, 137, and 53, 3-1-3). — (►. From the solution in 
fuming nitric acid , dulcite is precipitated by adding oil of vitriol, and 
pouring* in water, as hexnitrodulcite (Bechamp, ( Jompt . vend. 51, 257). 

Water does not precipitate the nitric acid solution. 

7. Dulcite dissolves slowly and without colouring in oil of dtriol 
and forms dulcisulphuric acid. The solution, if heated above 40 u or 
50°, blackens and gives off carbonic and sulphurous acids (Jaequelam). 
According’ to Berthelot, dulcite is not carbonised at 1.00% either by oil 
of vitriol or by fuming hydrochloric avid. Oil of vitriol, diluted with 
20pts. of water, likewise forms a small quantity of dulcisulphuric acid, 
when heated to 100° for six hours, without altering the rest of the 
dulcite. When the solution of dulcite in oil of vitriol is diluted with 
water, and neutralised with carbonate of baryta, a solution of dulci- 
sulphate of baryta is obtained, which, after evaporation in vacuo, 
remains as a translucent, adhesive mass having a bitter and sharp 
taste, soluble in dilute alcohol, less soluble in absolute alcohol and 
insoluble in ether, not precipitable from its solutions by aqueous 
nitrate of lead or nitrate of silver. From its solution, mixed with basic 
acetate of lead, alcohol throws down duleisulpliate of leach 

8. Dulcite heated with acetic, butyric , benzoic or stearic acid to 200°, 
or with tartaric acid to 100°, forms peculiar compounds called 
Dulcitanides , which resemble the mannitanides (p. 502) in all respects, 
and like the latter, take up water and arc resolved into dulcitan and 
acid, (Berthelot, Gompt . rend. 41, 452.) 

9. Dulcite boiled with dilute potash-ley (or concentrated, according 
to J acquelain) is dissolved, and crystallises unaltered on cooling, 
(Laurent.) very strong potash-ley, at the boiling heat, forms, with 
dulcite a syrup which is not precipitated by alcohol (Laurent), When 
dulcite, is fused with hydrate of potash , or subjected to dry distillation 
with potash-lime , hydrogen is evolved, mixed with small quantities 
of ammonia (from the cyanogen in the potash, Kr.) and marsh- gas ; some- 
times also an oil smelling like acetone passes over. In the residue 
there remain carbonate of potash, a large quantity of oxalate and a 
small quantity of butyrate, the latter recognisable by its odour after 
supersaturation with sulphuric acid (Jaequolain). — 10. From potmio - 
cupric tartrate, dulcite does not precipitate cuprous oxide, even after 
boiling with acids (Berthelot). 

11. Dulcite does not ferment in contact with yeast. (Souheiran, 
Jacquelain.) It undergoes the same decomposition as manmte (p. 365), 
into alcohol, lactic acid and butyric acid, when left in contact for some 
weeks at 40° with cheese (or pancreas tissue) and chalk; like maunito 
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it also forms a peculiar sugar by contact with testicular tissue (Ber- 
thelot, JV. Ann. Chim. Pkys. 50? 348 and 372), 

Combinations. Dnlcitc dissolves readily in water, and crystallises 
from the boiling saturated solution on cooling. — Aqueous dulcitc dis- 
solves lime (Berthelot). 

With Baryta. — Baryta-water is added to aqueous dulcite, and the 
solution is concentrated in a flask. On cooling, it deposits four-sided 
prisms, terminated by an acute pyramid with rectangular base. They 
must be quickly washed with aqueous alcohol. This compound gives off 
27*4 p. c. water at 170° and contains 20*7 p. c. barium, agreeing* with 
the formula O l3 K u O ia ,2BaO -1- 14 aq. (calc. 27*33 p. c. 110 and 20*71 
Ba). (Laurent.) 

Dulcite is not precipitated by aqueous acetate of lead, either neutral or 
basic (Laurent), by nitrate of silver, or by terehloride of gold, and is not 
altered by either of these reagents, even at the boiling heat. (Jac- 
quelain.) From its concentrated aqueous solution, it is precipitated by 
ammoniacal sugar of lead (Berthelot). 

Nearly insoluble in boiling alcohol (Laurent). 


Appendix to Dulcite . 

Dulcitan. 

C U 1P0 10 . 

BmmnmoT, Chin, organ. Paris, 1860, 2, 209. 

Dttlcinane. 

Obtained by heating dulcite for some time to near 200°, or by the 
decomposition of dulcitanides, in the same manner as mannitan (p. 309) 
from mannito and mannitamdos, and purified in the same manner as 
mannitan, • — - A visold syrup, probably dulcitan, is obtained by reducing hexnitro- 
and cmadrinitrodulcite with ferrous salts (Bdolmmp, Oompt. rend. 61, 258). 

Scarcely fluid, neutral syrup, which volatilises perceptibly at 120°, 
and is partially converted into dulcite by prolonged contact with under, 
or by heating with haryla^crystak and water. 

Soluble in water and in absolute alcohol , but not in ether. 


Conjugated Compounds of Dulcite . 

Butyro-dulcitan. 

OTM) 14 = C ls n ,0 O 9 ,2C 8 H 7 O s . 

Bektiifxot. Cldm. organ. 2, 210. 

Dulcite hutyritue, Buticniiuredulcitanesicr, — Obtained fvnm butyric 

2 C 2 
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acid and dulcito at 120°, in the same manner as acol omannitan (p. 37 5), 
from maimito and acetic acid, and purified like that, compound. 

Colourless, inodorous, viscid oil which tasics hitter and also like 
butyric acid. Neutral. — Decomposed by a Miotic hydrochloric acitl, 
into dulcitan and butyrate of ethyl. 

Sparingly soluble hi water, easily in alcohol and ether. 


Dulcitartarie Acid, 

c 28 rp°o 30 = c i 2 ipo io ,2c 8 n; 4 o 10 . 

Bertiielot. N. Ann. Ohm. Phys. 51, 77. 

Known only as a lime-salt, which is prepared in the same man- 
ner as mam li -tartrate of lime. This salt., after drying in vacuo, retains 
water of which 11*7 p. C. goes off at 110° (8 at by calculation li*8 p. c.)„ 


28 C 

at 110°, 
.... 168 

.. 31*23 .. 

Berthelot, 
31*6 

20 H 

.... 26 

„ 4*83 .. 

5*3 

36 0 

.... 288 .. 

.. 53*53 .. 

53-3 

2 CaO 

.... 56 .. 

.. 10*41 .. 

9-8 

C 28 H lft Ca 2 0 3 ° ,8110 

.... 538 .. 

.. 100*00 .. 

100*0 


After drying in vacuo, it is therefore C 28 tI 18 Ca 2 0' !t) + 1CHO. 


Benzo-dulcitan. 

C 40 H 20 O 14 = 0 13 IP0 B ,2C 14 Il fi 0 3 . 

Berthelot. Cldm . organ. 2, 211. 

Dulcite benzo'iquc, Benzocdulcita?icsier. — Obtained from dulcito and l)Cll- 
zoic acid, like acetomannitan (p, 375), from mannito and noetic acid, 
Neutral resin, resembling turpentine ; decomposed by alcoholic hydro- 
chloric acid, with, formation of benzoate of ethyl; by hydmk of lime 
into benzoate of lime and a mixture of dulcito and dulcitan, amounting 
to 47 per cent. 

Insoluble in water , easily soluble in ether. 


Quadrinitro-dulcite, 

C 12 N 4 IP0 28 = C 12 X 4 IP(R 

Bechamp. Cornet, rend. 51, 257; Zeitschr. CL Pham: 3, 657, 

Hexnitrodnlcite is completely converted into this compound with- 
out alteration of crystalline form, by the spontaneous decomposition 
winch it undergoes, with evolution of nitrous vapours, when kept for 
a month between 30° and 45°. 
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Needles harder and less flexible than those of hcxanitrodulcite ; 
crystallises from alcohol, in beautiful translucent prisms. — Melts to a 
pasty mass at 130°, completely at 140°, and gives off red fumes at 
145". 

It is reduced by ferrous salts and forms a non-crystallisable syrup, 
probably dulcitan. 


Hexnitro-dulcite. 

C^NTPO 36 = C 12 X 6 II 8 0 12 . 
Been amp. Cornet rend. 51, 257. 


Dulcine trinitrique = C fi H 4 0 3 ,3N0 5 . (BGchamp.) 

A solution of dulcito in 5 pts. fuming; nitric acid is mixed with 
10 pts. oil of vitriol, and the mixture, which becomes turbid, is imme- 
diately thrown into a large quantity of water. The semifluid precipi- 
tate solidifies slowly to a buttery mass, which, after washing with 
water, crystallises from alcohol in noodles. 

Beautiful, colourless, flexible needles, which melt between G8° 
and 72°. 

Gives off nitric acid vapours continuously and is in the end 
wholly converted into quadrinitro-duleite. — When heated to 00°, it is 
converted, with regular emission of red vapours, into a pasty mass, 
and then into a hard, friable, white, acid product. 


Sacchardidal Substance C 12 IP0 13 . 

Melampyrite.* 

cpifo 15 c*qp°o*. 

ITuNEFpjm. J, pr. Chm* 7, 233 ; 0, 47 ; abstr. Berz. J (thresher. 17, 312. 
W, Eidium. Zkber das 71 lektmpyi M onk an, 1855 ; abst r. Lick Kopp, 

t/ahresher. 1850, 005 ; TV. lleperi. 7, 251) ; Chem. Cenlr . 1850, 522; 

Rep. Ohm. pure, 2, 103. 

Melampyrin. ~~ .Found in the fieri ) of MeJmnpynm nmorosmu (Iltinofeld), 
also of Scrophularia nodosa and llhinmthm Crista, Galli (Bidder), 

Preparation . The decoction of the dried herb taken at the flower- 
ing time is mixed with milk of lime till it exhibits an alkaline reaction, 
then boiled up, filtered, concentrated to a small bulk, and acidulated 
with hydrochloric acid. On cooling and further crystallisation, melam- 
pyritc crystallises out, and may easily he obtained pure by recrystal- 
lisation from water (Bidder), — 2. The dried herb is boiled with water 

* A paper by Dr. L. Gilmer, showing that Melampyrite is identical with Dulcite 
(p. 384) lias just appeared {Ann. Pharm. Sept., 1862), — too late for insertion in the 
text. The results will be given in the Appendix to this volume. 
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containing hydrochloric acid, the decoction is strained, mixed with milk 
of lime till it exhibits a slight alkaline reliction, then eminent rated, 

, — whereupon it deposits succinate of lime, “—and the lime-compound of 
melampyrite, which passes into the filt rate, is decomposed wit h hydro- 
chloric acid ; it then deposits crystals, which may be purified by re- 
crystallisation (Kidder). — 1 lunefehl evaporates the decoction in a 
syrup, and leaves the melampyrite to crystallise out; removes from the 
mother-liquors the substances preeipitable by neutral and basic acetate 
of lead, and the excess of lead by hydrosulplmrio acid, ami again 
evaporates. Eichler, instead of proceeding in this manner, precipitates 
the decoction with neutral acetate of lead, boils the filtrate, with lead- 
oxide, removes' dissolved lead by hydrosulphuric acid, and evaporates. 

j Properties. Colourless, transparent prisms, generally united into 
crusts. Less sweet than milk-sugar, ftp.gr. I*40l> at LVh Melts 
at 186°, without loss of weight, to a clear liquid, which, on cooling, 
solidifies to a crystalline mass, with eaulillowcr-liko excrescences. 
Neutral. Destitute of rotatory power (bidder). 





Eichlur. 


at 100° or melted. 


mean. 

12 C 

72 

37*70 

37*79 

15 H 

15 

7*85 

7*83 

13 0 

104 

54*45 

54*38 





CWH«O u . 

191 

100*00 .... 

100*00 


Decompositions. 1. Fused melampyrite becomes slightly brown, 
when heated to 180°, hut still solidifies m the crystalline form on cool- 
ing, the loss of weight amounting to about 1 per cent.™— 2. Heated 
on platinum-foil, it emits a faint odour of caramel, takes fire and burns 
with a white flame. — 3. Tt dissolves in oil of vitriol , forming melam- 
pyro-sulphuric acid, the solution turning brown when heated. — 4. It 
dissolves easily in warm nitric add of sp. gr. 1*32 and crystallises on 
cooling apparently without alteration. On heating the solution, nitrous 
fumes are given off, and mueic and oxalic acids are formed. — The 
solution of melampyrite in cold nitro-mlphuriv. add yields, on addition 
of water, an oil which dissolves in alcohol and ether, leaving a white 
powder. The latter is obtained almost alone by the action of only 
6 pts. nitrosulphurie acid continued for one day, whereas from 1,0 to 
15 pts. acid acting for 2 or 3 days at 20°-— 25° forms chiefly the pro- 
duct soluble in ether, which, however, is itself a mixture of a crystal- 
livable and an oily nitre-compound. From the pulverulent nitm-eom- 
pound insoluble in ether, melampyrite-arnmonia is formed by the action 
of sulphide of ammonium (Eichler). 

Melampyrite is not decomposed by boiling with dilute adds or 
alkalis, or by potassio-cupric tartrate. It is not altered by heating 
with dilute sulphuric acid and bichromate of potash, and when mixed 
with potash-ley, does not reduce mercuric oxide. It does not ferment 
with yeast. (Eichler.) 

Combinations . Melampyrite dissolves' in 25’5 pts. of water at 15°, 
•easily in boiling water. 

Melampyrite combines with bases. The compounds with the alkalis 
and alkaline earths are soluble in water, those with load-oxide and 
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cupric oxide arc insoluble. Aqueous mclampyrite does not precipitate 
metallic salts. (Kidder.) 

With Ammonia . — Mclampyrite crystallises, unaltered, from hot 
aqueous ammonia, or after being heated with it to 120° ; but when 
nitromelampyrite (p. 390) is decomposed by sulphide of ammonium, or 
when tiie baryta- or lime-compound of mclampyrite is decomposed by 
carbonate of ammonia, the concentrated filtrate yields transparent, 
colourless right prisms, which have an alkaline reaction, do not give off 
ammonia at 100°, but become carbonised at higher temperatures, with 
loss of ammonia and without previous fusion, and are decomposed by 
acids into mclampyrite and an ammonia-salt. These crystals are 
easily soluble in water. (Eiclilcr.) 

Potash-compound. — Warm alcoholic potash dissolves mclampyrite, 
and the solution, when left to itself, deposits needles, which, having a 
caustic alkaline taste, arc easily soluble in water, absorb water and 
carbonic acid from the air, and are converted into a mixture of melam- 
pyrito and carbonate of potash. (Eichler.) 

Soda-compound. — Small flat needles, resembling the potash-com- 
pound, but less soluble in alcohol. 

Baryta- compound. — When mclampyrite is heated with water and 
baryta-crystals, a clear solution is formed, which, on cooling, deposits 
six-sided prisms. Easily soluble in warm water, less soluble in alcohol, 
which, however, dot's not precipitate the aqueous solution. Gives off 
2G’73 p. c. water at 120°, (Eichler.) 

Eichler. 

C 12 H lr, 0 13 191*0 .... 40*C>4 

2 Bat) 15:5*2 .... 32*58 32-05 

14 no 126*0 .... 2678 26*73 

C l "II lfc O w ,2BaO + 14aq 470*2 .... 100*00 

.Aqueous mclampyrite dissolves lime. — Mclampyrite does not com- 
bine with magnesia . 

Lead-mnpoimd.—~ An aqueous solution of melampyritc is not 
precipitated by acetate of lead, either neutral or basic. Prom an 
mmncmiacal solution of tlm neutral acetate, aqueous mclampyrite 
throws down a white precipitate, which, after drying at 100° in, a 
stream of hydrogen, contains 77*68 p. c. lead-oxide, corresponding to 
flics fonmiltt'C^MW^GPbO, which requires 77*84 p. c. PbO. (Eichler.) 

Copper -cmrpound, — Mclampyrite boiled with cupric sulphate and 
potash yields a clear blue solution. — Prom aqueous mclampyrite an 
ammomaeal solution of cupric sulphate throws down alight blue pre- 
cipitate, which after washing with weak aqueous ammonia, turns 
green at 100°, and contains 55*25 p. e. cupric oxide, agreeing there- 
fore with the formula C ia lF0 13 ,6Cu0, which requires 55*49 p. c. CuG. 
(Eichler.) 

Mclampyrite dissolves in 1362 pts. alcohol of sp. gr. 0*835. From 
the solution in boiling alcohol, a few transparent crystals separate on 
cooling. It is slightly soluble in acetone , wood-spirit, chloroform , and 
acetate of ethyl, insoluble in ether , benzene, oil of turpentine, and rocJc- oil. 
(Eichler.) 
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Conjugated Compounds of 31 dampy rite* 

Melampyro-sulphuric Acid, 

C 12 II I8 S°O ai «= o l3 II lK O l V^0 3 . 


Eigitlee, loc. cit. 

The solution of melampyrite in oil of vitriol, diluted whh water, 
saturated with carbonate of lead, filtered. J rom sulphate ot lead and de- 
composed by hydrosulphurie acid, then tillered from Ihe sulphide of 
lead and evaporated, yields melampyro-sulplmrio acid in tli<*. form of a* 
syrup, which has a faint yellow oolour, a sour and bitter taste, and 
carbonises when heated, evolving- sulphurous acid, 

jVelampyrosulphate of Baryta. — Obtained by dissolving- melampyrite 
in oil of vitriol , diluting* with water, neutralising’ with carbonate of 
baryta, and evaporating- the filtrate at. a very gentle heat. —-In the 
moist state it is a mass having the consistence of turpentine; after 
drying- in vacuo it forms a transparent gum which dissolves readily in 
water and is precipitated by alcohol. Decomposes at 100°. 

Bidder, 

C 12 H 12 0 10 164*0 .... 25*88 

5 BaO .... 229*8 .... 36*26 36*45 

6 SO 3 240-0 .... 37*86 37*79 

C^H^B^O^GSO 3 633*8 ... WOO ~~~ 

The lime-salt resembles the baryta-salt, but is not precipitated by 
alcohol from the aqueous solution. It does not precipitate either basic 
acetate of lead , mercurous nitrate , or nitrate of silver. (Bidder.) 


Appendix to the Carbo-hydrates. 

Pectin. 

0 * 11 * 0 *. 

Vauqitelin. Ann, Chm. 5, 100 ; 0, 282. — Ann . Cliim. Phys. 41, 40* 
Paten, J. Pharm . 10, 390, 

Braconnot. Ann. Chm, Phys, 28, 173; 30, 96; richw. 44, 141; 
45, 400; 2T. Tr. 11, 1, 50; 18, 1, 120; J . Ohm. mod . 1, 509 ; 
15,100.— Ann. Chm . Phys. 47, 200; JSf, Tr, 25, 2, 107,— Ami, 
Chm. Phys. 72, 433. 

Guiuourt. J. dim. med. 1, 27; Schw. 44, 130; abstr.i/er/, Pharm. 11,41. 
Mulder. Pogg. 44, 432 ; J. pr . Chcm, 14, 277. — J. pr, Ohm. 10, 240. 
Ekemy. J. Pharm. 20, 368; Ann. Pharm. 35, 312; J. pr. Chm, 21, 1. 
— JST. Ann. Ghim. Phys. 24, 9 ; Ann. Pharm. 07, 257 ; J. pr. Chm, 45, 
389; Preliminary notice, Compt, rend. 24, 1040; N. J . Pharm. 
12, 13. 

Soubeiran. JST. J. Pharm. 11, 417: J. pr. diem. 41, 309; Pham, 
Centr. 184, 513. 

P oumatie.de & Exguier. Compt. rend. 23, 918; PT. J. Pharm. 11, 458. 
— Compt. rend. 25, 17; N. J. Pharm. 12, 81 ; Ann, Pharm. 04, 387; 
J. pr. diem. 42, 25. 
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CrtODNEW. Ann. Pharm. 51, 35G. 

Fk. John. jY. Br. Arch. 45, 24, and 129. 

Vegetable jelly, Gde'e veyctale, Grosmline, Pjlanzengallerte . 

.Vauqueliu showed, in 1790, that the expressed juice of tamarinds and other fruits 
solidifies, when left at rest, to a transparent jelly, which may be purified by draining 
off the juice and washing. This jelly, which was then likewise separated by Vauquelin, 
Bostook, and John from other fruits, is sparingly soluble in cold water, easily in hot 
water, and in alkalis, and may, therefore, be regarded as pectosic acid. Braconnot, in 
1824, by. exhausting plants with alkalis and precipitating the extract with acids, obtained 
poetic acid (or pectosic acid) ; respecting which he showed, in 1832, that it does not 
constantly occur ready formed, and not in all fruits, being more frequently produced 
by the action of alkalis on pectin. Since that time the most exact experiments on 
peetous substances, have been made by Frcmy, — The statements of Chodncw and of 
l ) oumarb(le.& Figuior cannot with certainty be applied to either of Fremy’s peetous 
substances in particular. Chodnew's pectin is most nearly related to Fremy’s para- 
pectin ; his peetous and hyperpectic acids do not agree exactly with either of Fremy’s 
peetous substances. — According to Mulder, pectin and pectic acid are distinguished 
from one another by the different quantities of inorganic matter which are united in 
them with the organic substance. The former may be regarded as a neutral, the latter 
as an acid salt. 

Occurrence • and Formation . Many fruits in the unripe state, 
fleshy roots and other parts of plants (vid. inf.) contain a substance 
insoluble in water, alcohol, and ether : Fremy’s pecMm , which, 
during the ripening of the fruit or by boiling with water, adds, or 
alkalis, yields the several peetous substances. Of the latter, pectin, 
purapeotin (and perhaps poetic acid) are found in the ripe fruit, while 
the over-ripe fruit contains salts of metapeetic acid. 

Feetous substances occur in lemons, oranges, currants, goose- 
berries, bilberries, and the fruit of Holanum lycopcrsieon (Vauquelin, 
Bostook, John); in apples, pears, plums, and apricots, in the cucum- 
ber and the fruits of other cneurbitaceous plants ( Braconnot), in the 
tubers of Dahlia pinnuta , Iklianthm tuberosus, and the bulbs of Allium 
Gepa ; in the roots of Hcorzonera hhpanica, Apium graveolens, Daucus 
Carota, Bramea JYuptm, Piwnia oJjicinaUs , Phlomis tnberosa, Pumex 
Patient-in , Spinva filipendula (Braconnot), Gentiana lutea (Denis, J. Pharm . 
22, 804) j in the root-bark of Ayknilms glanduUm (Payen), in the 
stalks and leaves of herbaceous plants, in maple-wood, in the inner 
hark of all trees, in the seeds, and, generally in every plant (Bracon- 
not), The fruit of Arhutm Vncdo contains parapoctin (Filhol, Gompt. 
rend 50, 1185). Oinchona-barks contain pectin, according to Volt- 
maim (Heine. 54, 388), and Reich el ( Ueher Ghinurinden u. derm dim. 
Bcstandth. Leipzig, 1850); according to Reichhardt (JY. Br, Arch. 92, 
12), they do not. 

Otdlnm vnhjam and Brim hcrbacea, contain a peetous substance ; 
Ledum pulmtre contains a mixture of pectin and parapoctin (Rochloder, 
Wien. A lead. Ber. 9, 312). (On jellies from pine needles, pine-bark, and Thuja 
oecidmlatia see vol. xiii, pp, 239, 240, the jellies from yellow pods and the fruit of 
Sijrinya arc described in this Appendix). — A jelly from Fucus crispus was 
examined by Mulder (J. pr. Ghem. 15, 293) and Horbcrger (Bepert. 49, 
348) ; another from Fucus mmjlaccus by Riogcl (Jahrb. pr, Pharm. 6, 8), 
from Rimlarki tuhulosa by Braconnot (Ann. Ghim. Phijs. 70, 200). 

The existence of poetosc in plants is demonstrated by the follow- 
ing observations 

Pectin is precipitated by alcohol from the juice of ripe, but not of 
unripe fruits. When the pulp of unripe fruits is washed with water 
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as long as tbe water runs ofi acid, and the residual mass is boiled 
with water, no pectin passes into the solution, hut boiled unripe fruits, 
or the solutions obtained by boiling unwashed fruit-pulp with dilute 
acids, or acid fruit- juice, are rich in pectin (Fremy). 

When fruit-pulp or roots am macerate;! for several days with 
strong hydrochloric acid, the solution contains only traces oi pectin, 
but if they are boiled for some minutes with slightly add wafer, the 
pectin passes into solution. In this case, insoluble compounds of 
pectin, if such had existed in the fruit-pulp, must have been decom- 
posed without the aid of heat (Fremy). 

During the ripening of fruits, the cellular tissue, which is at first 
thick and formed of several superposed membranes, becomes thinner, 
and is converted into soluble products, at the same time (hat the 
incru sting layers of pcctose dissolve in the Form of pectin. II a thin 
slice of the fruit be placed under the microscope in contact with 
aqueous cupramtnonia for some hours, the woody fibre dissolves, the 
insoluble residue still exhibits the form of the cells, and is formed of 
green cupric peetatc, which is decolorised by adds, with separation of 
pcctic acid. In this case, the poetic acid is formed from pootose, 
whereas the same substance, when treated with dilute acids, dissolves 
as pectin, and when boiled with milk of lime, as motapectic acid 
(Fremy). 

The observations of Soubciran and Ohodnew (vid, inf.) do not quite 
agree with those of Fremy. When peeled quinces, not perfectly ripe, 
are rubbed to a pulp, the juice filtered off, boiled up, filtered again, 
cooled, and mixed with a largo quantity of alcohol, only a very small 
quantity of jelly is produced. If the remaining substance be washed, 
and, while still acid, boiled for some minutes with water, and finally 
again with hydrochloric acid, a jelly is again obtained. Perfectly ripe 
quinces yield but a small quantity of jelly when their juice is preci- 
pitated with alcohol, but a large quantity when the entire fruit is 
boiled with water. The jelly, after being washed with alcohol, dis- 
solves but partially in water, a portion not dissolving till it has again 
been boiled with acidulated water. From the juice of other fruits, 
also, alcohol precipitates pectous substances only partly soluble in 
water (Soubeiran). See also other experiments of the same kind by Soubciran 
(2V. J, Pharm. XI, 418 and 12, 420). 

Ohodnew obtains from washed roots or unripe fruits, by boiling 
with hydrochloric acid, not pectin, but the substance which he calls 
pectous acid (p. 396), afterwards from the substances Unis exhausted 
with acids, hyperpectic acid may be extracted by boiling with potash- 
ley (not with ammonia). ^ He regards both those bodies, pec h ms arid 
0 28 H 2J 0 2& , and hyperpectic acid 0 38 Il u, 0% as existing ready-fomicd In 
the fleshy part of the fruit and in the root, and as capable of yielding 
pectic acid, when these substances arc bailed without having been 
previously exhausted with acid, according to the equation Wi M O n 
+ C 29 H 19 0 27 = 2C 28 IP°0 26 . But, since his pectous acid is converted 
into pcctic acid by solution in potash-ley and precipitation with 
acids, a change which appears to take place without evolution of 
hydrogen or absorption of oxygon, the two acids cannot stand to one 
another in the relation indicated by the formulas above gi ven. Pectous 
acid, according to Ohodnew, occurs in turnips in combination with lime, 
and may be extracted by boiling water after the lime has been re- 
moved by cold hydrochloric acid. 
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Preparation , The expressed and filtered juice of very ripe pears is 
treated with oxalic acid to precipitate the dissolved lime, and with 
tannic acid to precipitate albumin, and the filtrate is mixed with alcohol 
which precipitates pectin in long* threads. These are purified by wash- 
ing with alcohol, repeated solution in cold water, and precipitation with 
alcohol, till neither sugar nor an organic acid can bo detected in the 
solution (Fremy). Pure pectin leaves no residue when it is treated with excess of 
baryta- water, and the solution filtered from the pectate of baryta is evaporated (Fremy.) 

Braconnob boils the recently expressed juice of ripe apples for a 
while to coagulate the albumin, precipitates the filtrate with alcohol, and 
purifies it by repeated solution in water and precipitation with alcohol. 

Guibourt loaves currant- juice to ferment slightly and solidify to a 
jelly, and boils the jelly with alcohol. The product thus obtained is 
probably peefcosie acid (Kr.). 

Poumarede & Figuier leave comminuted gentian roots to soften in 
warm water, wash them thoroughly with water and very dilute acetic 
acid, and digest the roots thus prepared with very dilute acetic acid at 
80° —90° for half or three-quarters of an hour, and precipitate the 
solution with alcohol of 36°. The precipitated pectin, purified by 
pressure, repeated solution, and precipitation and washing with alcohol 
and ether, is a, neutral, light, fibrous substance yielding from 8 to 9 
p. o. asli and containing at 120°, on the average, 48*38 p. c. carbon, 
5*07 hydrogen, and 50*95 oxygen; according to Poumarede k Figuier, 
it is isomeric with cellulose. It is nob blackened by oil of vitriol, it is 
converted into pyroxylin by nitrosulphuric acid, and it reduces ferric 
salts. From its aqueous solution it is precipitated by concentrated 
aqueous alkalis and by many salts. After its aqueous solution has 
been treated with very dilute potash, it is not precipitated by acids as 
poetic acid, but may bo recovered with all its properties by addition 
of alcohol. The transformation of pectin into poetic acid does not 
take place till the mineral substances contained in the former have 
undergone a transformation [of what bind? Kr.].— From carrots Pou- 
marede k Figuier obtain a pectin [different from the former?] by washing 
the root-pulp with water and dilute acetic acid, then boiling it with 
dilute carbonate of soda, neutralising with hydrochloric acid, and pre- 
cipitating with alcohol. This pectin likewise dissolves in water, and 
contains, at 120°, 43*33 p. c. carbon, 5* 60 hydrogen, and 51*01 oxygen. 

Mulder precipitates the expressed and filtered juice of apples with 
alcohol and boils the precipitate with alcohol to remove sugar, malic 
acid and tannin. Such pectin from sweet apples, after deduction of 
5*9 p. c. ash, contains 41 *59 p. c. carbon, 5*35 hydrogen and 50*06 
oxygen ; from sour apples, after deduction of 9*3 p. c. ash, 45*28 0., 
5*47 II., and 49*30 0, It is precipitated on agitating its aqueous solu- 
tion with hydrated lead -oxide, also by basic acetate of lead. The 
latter precipitate contains 5 (Hi 2 p. c. lead-oxide, and after deduction 
of this, 45‘00 p. C. (1, 5*37 II., and 42*53 0, (What becomes of the 
ash? Kr.). 

Chodnew obtains pectin: a . By boiling crushed pears with water, 
precipitating the filtered juice with alcohol, and washing with alcohol 
and other, whereby it becomes opaque, and acquires the texture of 
woody fibre, yields after drying at 115°, 8*63 p. c. ash, and after 
deduction of this, 46*04 p. c. 0., 5*50 H., and 48*46 0. This pectin is 
not precipitated by chloride of barium, but it is precipitated by neutral 
acetate of lead and sulphate of copper, and therefore agrees with 
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Premy’s parapectin (p. 399). — 1. Or ho obtains it by boiling the 
expressed juice of bruised apples, precipitating with alcohol, redis- 
solving in water, mixing* the solution with hydrochloric acid, and pre- 
cipitating with alcohol. It contains 1*0 p. e. ash, and after deduction 
of this, 43*75 p. c. 0., 5*52 IL, and 50*73 0. This pectin resembles 
that obtained by a, but has a slight add reaction and sometimes 
reduces an alkaline solution of cupric oxide. Its load-compounds con- 
tain 23 and 33*45 p. c. PbO. Pectin prepared from pears, accord- 
ing to 5, contains 1*23 p. c. ash and 43*79 p. c. 0., 5*84 IL and 
50*37 O. Cliodnew gives the formula 0 28 IL sl 0 24 . 

Chodnew’s pectous acid is obtained from the washed pulp of turnips 
or apples, by boiling with hydrochloric acid and precipitating with 
alcohol, after which it is washed with alcohol and ether, pressed and 
dried at 120°. Non-f viable mass, resembling woody fibre, sligh tly acid, 
and soluble in water even after drying. Contains (KS3 p. c. ash, and on 
the average 43*10 p. c. 0., 5*0011. and51*24 O. ; according* to Ohodnew 
= G 29 RH) 25 . It is converted into pcctie acid by solid ion in potash- 
ley and precipitation with hydrochloric acid, precipitated from the 
aqueous solution as a jelly by excess of potash-ley or lime- water, but 
not by chloride of potassium. If the solution has been previously 
mixed with ammonia, chloride of potassium throws down a jelly 
soluble in hydrochloric acid. From aqueous pectous acid, neutral 
acetate of lead precipitates a jelly soluble in acetic acid, and when 
dried at 120°, containing 34*02 p. c. 0., 4*22 IL, 39*03 0. and 22*13 
PbO. (C 28 IP°0^,P'b0, according to Cliodnew). A mixture of aqueous 
pectous acid and nitrate of silver becomes viscid after a while, acquires 
a faint dark red colour, becoming dark brown-red after addition of a 
little ammonia and heating ; alcohol throws down from the same solu- 
tion a jelly, which becomes reddish at 100°, and contains 33*02 p. c. 
C., 4*12 II., 39*05 0. and 23*21 AgO. (C 28 IL 20 0 24 ,AgO., according to 
Ohodnew). Ohodnew thinks it probable that this pectous acid is 
identical With pectin. On Chodnew’s Iiyperpectic acid, see Pectic acid . 

. Properties. White amorphous mass, obtained by evaporation of its 
aqueous solution, in transparent laminco (Braconnot), and by precipita- 
tion of its concentrated solution, in threads, from its dilute solution, in 
the form of a jelly. Neutral. Tasteless. Destitute of rotatory power. 
(Frcmy.) 





Frcmy. 

Calculation 

according to Frcmy. 

mean. 

64 C 

384 ... 

40*67 ... 

39*92 

48 H 

..... 48 

6*08 .... 

5*50 

64 O 

512 .. 

54*25 



C fil H 43 0 C4 

944 tM1 

100*00 ... 

100*00 


After deduction of about 1 p. c. ash. — Numbers different from those in Premy’s 
analyses were obtained by Mulder, Ohodnew, and Poumarbtle 8c Firmer, who have also 
proposed other formulae (see above). Gerhardt (Compt. chim . 1849, 62) gave the 
formula C^IP'O^SHO ; Berzelius (Jahresber. 24, 373) gave C 2I H W ; Gmelin 
C 24 H 1S 0 24 . ^ If these formulae were adopted, those of all the other pectous substances 
would require alteration. Fremy's formulae for the whole of the pectous substances arc 
also considered doubtful by many chemists. 

^ Decompositions. When pectin (or one of the other poctous sub- 
stances) is heated to 200 , carbonic acid and water are evolved) and 
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black pyropectic acid is formed. This acid contains 51*32 p. c. 0., 
5*33 IL, and 43*35 0., corresponding to tlio formula C U I1°0 # (calc. 
50-90 C., 5*46 IL and 43*58 0) ; it is insoluble in water, but dissolves with 
brown colour in aqueous alkalis ( Premy). — Pectin when burnt, smells 
like burning* tartaric acid (Premy). — Pectin boiled with nitric acid , is 
very easily converted into saccharic acid, and by longer boiling, into 
nmeio acid (Premy). It does not become coloured with nitric acid, 
yielding mueio acid, but no sugar. (Ohodncw). The solution of 
pectin. in strong nitric acid deposits pcctic acid on addition of water 
(Braconnot, Am. Ohm . Phjs. 52, 294). 

Under the influence of imUr, acids or alkalis , pectin suffers trans- 
forma, lions, taking up or giving off water, or merely suffering molecular 
alteration, and producing other pectous bodies, those which are first 
produced frequently undergoing further alteration by the action of the 
reagent employed. Several of these pectous substances may bo 
obtained directly* from peetoso. 

The substance (sailed pectose, which occurs together with pectose 
in. fruits and roots, acts on pectin as a ferment, somewhat in the same 
manner as emulsui and diastase act on other bodies. It is precipitated 
by alcohol from the juice of carrots and turnips, and thereby loses its 
solubility in water. Unripe apples and other fruits contain it in the 
insoluble state. It is rendered inactive by putrefaction or by prolonged 
boiling with water (Premy). 

General view of the transformation's of Pectin and the mutual relations of 
Pccto us suhstan ccs. 

1. Pectose heated with dilute acids is converted into pectin, which 
by longer boiling* is transformed into mofcapeetic acid. 

2. .By boiling with milk of lime, it is converted into mctapcctic acid. 
Probably poetic ueid is formed in the first instance* 

3* Pectin , when its aqueous solution is loft to itself, changes into 
mctapcctic acid. If pectose is likewise present, the change takes 
place more quickly, pectosic, poetic and metapectio acid being* succes- 
sively produced. — When pectin is boiled with, water, parapeetin is 
produced. 

4. Pectin boiled with strong acids, is converted into metapectio 
acid. 

5. By cold dilute aqueous alkalis, it is converted into pectosic acid, 
which quickly undergoes further transformation into poetic acid, or by 
boiling with strong alkalis into metapectio acid. 

6. Parapeetin boiled with dilute acids is converted into motapoctin ,* 
aqueous alkalis convert it into a pcctatc. 

7. Metapeclin is converted by alkalis into salts of pectic acid. 

8. Pectosic acid is converted into pcctic acid by boiling with water, 
either pure or alkaline, or by contact with pectase. — When boiled 
with aqueous alkalis, it forms metapectio acid. 

9. Pectic acid is converted, by long contact with water in the cold, 
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more quickly at the boiling’ heat, into parapoetic acid, Hum further 
Into metapeetic acid, boiling’ with adds or alkalis likewise converts 
it into metapeetic acid. 

10. Tampedk mM in contact with water, is quickly converted into 
metapeetic acid. 

11. Jifelapectk add cannot be converted into any other substance 
of the pectin, group. 

Note to 3. A recently prepared aqueous solution of pectin is not 
precipitated by neutral acetate of lead, hut becomes preei pi table 
thereby after standing for several days. The precipitate at first pro- 
duced contains 15*07 p. e. lead-oxide; if the. same pectin he boiled or 
left for some time in contact with water, precipitate's are formed con- 
taining 10*54 and 24* G p. o., and finally, after very long boiling, 
40*42 p. c, lead-oxide. 

When aqueous pectin at 30° is mixed with pootase, the solution 
becomes gelatinous after a while, from separation of pectusin acid. 
This transformation is likewise produced by insoluble poctaso (vid. m\\), 
and takes place even in close vessels and wi tin nit evolution of gas. The 
juice of carrots and mangold- wurssel brings about the same decompo- 
sition of pectin-solution, probably because it contains soluble peetase ; 
on the other hand, the juice of unripe apples and other unripe fruits 
does not act upon pectin, whereas the fleshy part of fruits containing 
insoluble peetase does exert an action upon it By further alteration 
the pectosic acid is finally converted into metapeetic acid, unmixed 
with any other product. 

The jelly into which the jnice of dried fruits solidifies, dissolves 
for the most part in boiling water, and then consists of pectin and 
pectosic acid, formed by the successive transformation of the pectose 
(under the influence of acids and peetase). If however the fruits 
are rapidly heated, the peetase may become inactive before it has 
effected the transformation of the pectin. Other jellies are formed by 
the solution of pectic acid in the salts of organic acids. 

Note to 4. No sugar is formed by boiling pectin with dilute acids, 
even for several hours (Fremy).— Pectin, boiled with a small quantity 
of hydrochloric or dilute sulphuric acid, becomes rose-red, and on adding 
alcohol to the solution, nothing is separated blit a few flocks which 
settle down on standing. The solution contains sugar and a soluble 
baryta-salt, perhaps of malic acid. (Ohodnew.) 

Note to 5. Even the smallest quantity of fixed alkali converts 
pectin into pectic acid, and larger quantities separate a basic pectaie, 
(Braconnot.) Cold aqueous ammonia, potash, or soda, or a cold solu- 
tion j>f an alkaline carbonate, first produces pectosic add. (Fremy.) 
Pectin boiled with the carbonates of the alkaline earths, decomposes 
them and forms soluble compounds, from which the pectin maybe 
recovered. With excess of lime-water, it forms insoluble pedate of 
lime, . no organic substance passing into the solution. By excess of 
alkali it Is instantly converted into poetic acid, which may be precipi- 
tated by acids, but when thus obtained is very easily transformed 
into metapeetic acid. (Fremy.) If a cold aqueous solution of pectin 
(or pectous acid) be mixed with a small quantity of potash-ley, acids 
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precipitate from it a jelly, which, after washing with dilute’hydrochloric 
acid and alcohol, and drying at 140°, dissolves readily in water, and is 
not precipitated by acids, and therefore does not consist of poetic acid. 
This jelly yields a lead-salt containing 23*2 p. c. lead-oxide. (Ohodnew.) 
-—A boiling aqueous solution of pectin mixed with excess of potash- 
ley, frequently gives no precipitate with acids, because the poetic acid 
formed in the first instance lias been already converted into metapcctic 
acid. 


Combinations, Pectin dissolves readily in water. The solution is 
gummy and very viscid, but if free from albuminous substances, does 
not solidify to a jelly. (Fromy.) 

Pectin unites with the alkaline earths (p. 398). — It is precipitated 
from its aqueous solution b j basic acetate of lead , but not by the neutral 
acetate. (Pro my.) The lead-compound formerly described by Fromy appears to 
have contained parapeotin. 

Alcohol added to a concentrated aqueous solution of pectin, throws 
down threads ; from a dilute solution it separates a transparent jelly. 
(Fromy.) Pectin is not precipitated by tincture of galls. (Braconnot.) 


Parapectin, 

C M IP(P? 

Fremy. N. Ann. Chim , Phjs. 24, 14. 

Soluble in water, like pectin and mctapoctin ; distinguished from 
the former by being prccipi fable by neutral acetate of lead, and from 
the latter by not being precipitated by chloride of barium (pp. 399 
and 400). 

Aqueous pectin, when boiled for several hours, loses its gummy 
consistence, and is converted into parapectin, which is precipitated by 
alcohol in the form of a translucent jelly. It then still retains albu- 
minous substances, which arc precipitated from the aqueous solution 
by addition of a small quantity of basic acetate of lead. 

Amorphous, neutral substance, resembling pectin. Tasteless. Iso- 
meric with pectin at 100°, but gives up 2 at. water when heated to 
140°. 


64 C 

at ld0°. 
384 .. 

„ 41-48 .... 

a, 

.... 41-51 . 

Fremy. 

b. 

... 42'88 . 

c. 

... 43-77 

4fi H 

46 

... 4*97 .... 

.... 5*48 . 

... 5*68 » 

... 5*41 

02 O 

496 .. 

... 53*55 ... 

.... 53*01 . 

... 51*44 . 

... 50-82 


926 .. 

100-00 .... 

.... 100*00 . 

... 100-00 . 

100*00 


a is parapectin several times purified ; b and c are less pure. 

Parapectin is converted, by boiling* with dilute acids, into meta- 
pectin ; by aqueous alkalis into a salt of pectic acid. 

Lead-compound, — Aqueous parapectin precipitates neutral acetate 
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of lead. The precipitate obtained on one occasion contained IF 9 p. c. 
PbO (c CJ H 4G O 02 ,HO,PbO= 10*7 p. c.), in other cases, from 18*8 to 19*6 p. c. 
or more. 


Bibasio. 



Fremy. 

64 C 

. 381-0 ... 

33*41 ... 

33*06 

46 H 

. 46*0 .... 

4*00 .... 

4*29 

62 O 

. 49C*0 

43*16 ... 

43*45 

2 PhO 

. 22.4*4 ... 

10*43 ... 

10*20 


C oqp«>o<® 2PbG I... 

. 1149*4 

100*00 ... 

100*00 


Metapectin. 

c Gi ir io o w i 


Fremy. JSf, Ann. Cl dm. Plnjs . 24, 17. 

Soluble in water, like pectin and parapectin ; distinguished from 
both by its acid properties and precipitability by chloride of barium 
(p. 400). 

Parapcctin is quickly converted into metapectin by boiling* with 
dilute acids. — Uncrystallisable. Has an add reaction. Motapootin 
dried at 100°, gives off 2 at. water at 140°. 

at 140°. Fremy. 

64 C 384 41*48 41*85 

46 H 46 4*97 5*58 

62 0 496 53*55 52*57 

C64H«0® 926 100*00 100*00 

By alkalis , it is converted into a salt of poetic acid. — It dissolves 
i Ti water \ if the solution also contains hydrochloric, sulphuric, or oxalic 
acid, alcohol throws down gelatinous compounds of these acids with 
metapectin. From aqueous metapectin, chloride of hanmu, throws 
down a precipitate containing from 14 to 15 p. c. BaO (C w .LL tt O°*, 2 Bat) 
= 14*1 p. c. BaO). 


Lead-compound. 


Fremy. 

64 C 

.... 384*0 , 

... 33*41 ... 

33*29 

46 II 

.... 46*0 . 

... 4*00 ... 

..... 4*43 

62 0 

.... 496*0 , 

... 43*16 ... 

41*98 

2 PbO 

.... 223*4 . 

... 19*43 ... 

20*30 

C«H«0*>,2PbO 

.... 1149*4 .. 

... 100*00 ... 

100*00 


Pectosic Acid. 

? C 32 H 23 0 31 or C^IFO 03 . 

Fremy. JSf. Ann, Chwi. Phys. 24, 22. 

Insoluble in cold water, like pectic acid, but distinguished there- 
from by its solubility in boiling water (p. 397). 
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Obtained as tlic first product of the action of pcctase or of aqueous 
alkalis, on aqueous pectin, the solutions solidifying to a jelly immediately 
or after addition of acids ; but it is quickly converted into pectic acid 
by the further action of the same agents, or by boiling with water. 
It has an acid reaction. 


32 C 

192 ... 

41*48 ... 

Fromy. 
41*08 

23 II 

23 ... 

4*97 ... 

5*25 

31 0 

218 ... 

53*55 .... 

53*67 

C :v -H 23 0 21 ... 

463 ... 

100*00 ... 

100*00 


It is nearly insoluble in cold wetter, quite insoluble in water con- 
taining* hydrochloric acid, but easily soluble in boiling water, and forms 
a jelly on cooling. The gelatinous amorphous pectosates arc easily 
converted into pectates by excess of base; when pure, they dissolve 
completely in warm dilute acid, whereas pectates leave a residue of 
pectic acid. 

Pectosate of Baryta. — Precipitated from aqueous pectin by a quan- 
tity of baryta-water insufficient for complete precipitation. Contains, 
on the average, 24*4 p. c. baryta (C 33 iI 21 0 29 ,2Ba0 = 25*3 p. c. BaO). 


Pcctomte of Lead. 


Fremy. 

32 C 

... 192*0 .... 

28*72 .... 

28*82 

21 IT 

... 21*0 

3*14 ... 

3*49 

29 0 

... 232*0 ... 

... 31*72 ... 

31*94 

2 PbO 

.... 223*4 ... 

33*42 ... 

32*75 

CTI-iO^PbO 

... 668*4 ... 

100*00 ... 

100*00 


Pectic Acid. 

C 32 IP 2 0 30 1 

Braconnot. (1824). Ann. Chim. Phys. 28, 173; 80, 9G; also Sclav. 
44, 14U 45, 400; N. Tr. 11, 1 , 50; 13, 1, 120; Ann . Pharm. 5 
275. — Ann. Ohim. Phys. 47, 200; jV. Tr. 25, 2, 1(57. 

IkO'NAur/c. J. Pharm . 24, 201 ; J. pr. Ohm,. 14, 270. 

Muldk.il Pmjcf. 44, 482; •Opr. Ghent. 14, 277; 1(5, 240. 

Phkmy. J. Pharm. 20, 308; J. pr. Cham. 21, 1; Ann. Pharm 07, 
27(5. 

Fromueuu. Scheik. Ondemwk 2, 31 ; J. pr. Ohm. 32, 179 ; Ann. Pharm. 
48, 5(5, 

OrroDNKW. Ann. Pharm. 51. 300. 

} } eclinmurc,pecti$chc Stiure f Gullcrtit'dure. Discovered by Braeonnot, first analysed 
by Itegnault, 

Occurrence, Although pectic acid may be obtained from most 
plants, if not from all, it does not exist in thorn ready-formed, at least 
not always (Braeonnot), but is produced from pectosc or pectin (Fromy). 
Chodnow is also of opinion that pectic acid does not exist ready-formed 
in plants, although he explains its formation iu a different way 
(8tso p. 394). 

VOL* XV, 2 1> 
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When carrots, boot, or Swedish turnips are boiled with weak acid, 
— in order to convert the whole of thepectose into pectin,— so loop; as 
pectin remains in solution, alkalis extract little or no poetic acid irmn 
the residue; old roots, however, yield a ^ larger quantity t hail fresh 
roots. The greater portion of the poetic acid is there tore formed 
during the reaction; but as poetic acid when boiled with acids is lust 
altered and afterwards dissolved, the experiment is not decisive 
(Fremy). In another place, Fromy states that fruits and roots yield 
pectic acid to alkalis, even after exhaustion with acids. 

Formation. (Seepage 394.) — On the formation of pectic or parapet'd e acid 
according to Sclioonbrodt, see Sugar (p. 252); on Saco’s pectic acid from wood, see 
page 413. 


Preparation. 1. Well washed carrot-pulp is boiled with water 
slightly acidulated with hydrochloric acid, whereby pectin is dissolved. 
This pectin is converted into peotate of soda by boiling with lint 
proper quantity of carbonate of soda (to b« determined by trial) ; tint solu- 
tion is precipitated with hydrochloric add; and the separated pectic 
acid is dried, first in vacuo, then by heat. If too small a quantity of 
carbonate is added, peciosie acid may be formed; if too much, meta- 
pectio acid may be formed (Frerny). — 2. The pulp of peeled turnips 
is well washed with water and pressed, and the residue is boiled for 
three quarters of an hour with water to which -,’ (i of carbonate of soda, 
or a small quantity of hydrate of potash, has been added. The liquid 
is filtered, the solution is precipitated with chloride of calcium ; and 
the pectate of fine is decomposed by hydrochloric acid (Braeon not, 
Regnault ; Simonin, J. Pharm . 20, 478 ; Ann. Pham. 18, (Ml), Reg- 
nault dissolves the still coloured pectic acid in aqueous ammonia.; 
decolorises it with animal charcoal at GO 0 to 80° ; precipitates the filtrate 
with hydrochloric acid; and repeats the solution in ammonia and pre- 
cipitation with acid, in order to remove the mineral constituents. — 
3. The pulp of carrots or celery is exhausted by washing with pure 
water, boiling with water containing hydrochloric acid, and again 
washing with pure water; the residue is boiled with very dilute 
potash-ley, and the solution is precipitated with hydrochloric avid. 
(Rraconnot). Fremy obtained by this process only a small quuntity of peotle jund 
(vid. sup.). Ohodnow boils turnips after trituration, washing and press- 
ing, with very dilute potash, for half to three-quarters of an hour ; 
strains ; precipitates the still turbid' solution with hydrochloric acid ; 
washes the pectic acid several times, first with acidulated, then with 
pure water; presses it with the hand after each washing, and rt 'dis- 
solves it in ammonia, whereby an easily filtering lie aid Is obtained, 
which, after filtration, is precipitated with hydrochloric add. This 
precipitate is washed as above, and finally With alcohol. 

Pectic acid prepared in the ordinary way (probably according to methncU 
2 and 3) contains albuminous substances which may be more easily pre- 
cipitated by small quantities of basic acetate of ‘lead, after prolonged 
boiling of the solution supersaturated with ammonia (Fremy). 

Mulder washes comminuted carrots, turnips or sweet apples with 
water, boils the residue with very dilute potash, not in excess, and 
precipitates with hydrochloric acid. After purifying the pectic add 
by boiling with alcohol, he finds that it has, both in the free state and 
in combination with acids, the same composition as pectin, containing 
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after deduction of 3 to 6 p. c. ash, from 44*5 to 45 p. c. carbon, and 
5*25 to 5*36 hydrogen. The baryta-salt from sweet apples contains 
20*07 p. c., that from turnips 24*01 p. c. BaO ; the lime-salt from car- 
rots contains 9*72 p. c. CaO; the lead-salt from carrots, 41*57 p. c. 
PbO; the cupric salt from carrots contains 18*47 per cent., that from 
apples 2(5*28 p. c., that from turnips 17*07 p. c. CuO. This pectic acid 
immersed in dry ammonia gas takes up 3*43 p. c. ammonia, which 
escapes at 100°. From these, results Mulder regards pectic acid as 
0 12 IB0 10 , and as identical with pectin (see page 393). 

Fromberg prepares his pectic acid from turnips, which he com- 
minutes, washes with cold water, and boils with very dilute carbonate 
of soda. After precipitation with hydrochloric acid, washing, and dry- 
ing at 100°, it contains 7 p. c. ash containing carbonic acid; his 
analyses he calculates, agreeing with Milkier, at 44*58 p. c. carbon, 
5T7 hydrogen, and 50*25 oxygen. His lead-salt contains 49*81 
p, C. PbO; his Copper-salt 10*01 p. C. CuO. On the decompositions 
with alkalis, page 404. Both Mulder and Fromberg* have overlooked the 
intiuonee which the large amount of ash must have on the proportion 
of metal in the salts (Ki\). 

Ohodnew’s JIgperpcciic arid is obtained from turnip-pulp exhausted 
with hydrochloric acid (see Pectoits acid , p. 396), by boiling with dilute 
potash-ley (not with ammonia), and is precipitated as a jelly by hydro- 
chloric acid. It contains at 100°, “ after deduction of 0*52 p. c. ash, 
41*46 p. c. carbon, 4*83 hydrogen, and 53*71 oxygen, and is distinguished 
from pectic add l>y dissolving in aqueous fixed alkalis, but not in 
ammonia. 


Properties, Poetic acid in the moist state, is a transparent, colour- 
less jelly, which dries up to a white amorphous mass. Transparent, 
horny mass, difficult to pulverise (Eegnault). Resembles woody fibre 
and is very friable (Ohodnow). Has an add taste and reaction 
(Braconi lot , Fremy ). 


Calculation according to Fremy. 

Eegnault, 
at 140°. 

Chodnew. 
at 120°. 

Fremy. 
at 120°. 

32 C 

... 192 , 

... 42*29 .. 

42*69 .... 

42*22 .... 

.... 41*40 

22 ir 

... 22 . 

... 4*84 ... 


.... 5*24 .... 

.... 4*77 

30 0 

... 240 . 

... 52*87 .. 

52*60 

..... 52*54 .... 

.... 53*83 

OTPW 

... 454 . 

... 100*00 .. 

100*00 ... 

100*00 .... 

.... 100*00 


All the analyses arc given as moan results. Eegnault & Chodnew examined pectic 
acid prepared from turnips ; Fremy analysed add from various sources. Chodnew's 
add left 4 p. c. ash, which is deducted. — Respecting Mulder’s and Fromberg’s analyses, 
see above. Eegnault gave the formula C ll H70 w » both for pectic acid dried at 140° 
and for that contained ‘in the salts. Chodnew gives the formula C 28 H 20 O 2 °, which agrees 
with the composition of many of the pectates, and requires 42*42 p, c. carbon, 5*06 
hydrogen, and 52*52 oxygen. 

Decompositions (see p. 397), 1. Pectic acid becomes coloured at 120° 
(Kegnanlt); black at 130° (Chodnew), and at 200° ^ives off carbonic acid 
and water, and is converted into parapectic acid, p. 410 (Fremy). — 
2. Mol ts when heated, swells tip, burns away and leaves a difficultly com- 
bustible charcoal. (Kegnanlt.) Bums without swelling up. (Chodnew.) 
— 8. When pectic acid is boiled with water, parapectic acid is formed, 
likewise when insoluble pectates are boiled with water. (Fremy.^ When 
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pectic acid is left in contact with water for two or three mouths, it dis- 
solves as metapcctic acid, which is likewise produced when poetic acid is 
boiled with water for 30 hours, or when moist poetic, acid m dried by 
heat. Not a trace of sugar is formed, even after boiling* with water 
for 7 or 8 days, and the solution does not reduce potnssuKvupne tar- 
trate unless it contains pant- or metapcctic acid, (Fremy.) s<-o below. 
When moist poetic acid is washed, on a litter with boiling* water, the 
filtrate yields with neutral acetate of load, a precipitate containing' 
30*5 p. c. PbO ; after boiling* the residue left in the filter lor two hours, 
a lead-salt is obtained, containing* 85*5 j>. o. PbO; and after one hourbi 
boiling, a precipitate with 41*9 p. c. PbO. The organic Miilmlnneo ol 
all these lead-salts exhibits the composition of poetic acid (nr nl the 
isomeric para- or metapcctic acid). (Fremy.) 

4. Poetic acid is not altered by cold oil of ritriof, but is quickly 
charred by that liquid when heated, (Kraeonnot, Jtognaulb) — by 
boiling* with dilute acids, it is converted into metapcctic acid, which dis- 
solves, (Fremy.) 

It is not altered by hot very dilute fu/dro chloric acid, (Ivcgnuull.) 
— Pectic acid prepared from turnips does not dissolve till after very 
long boiling with dilute adds (more quickly with concentrated adds), 
and the solution does not contain metapcctic add ; that which is pre- 
pared from pectin decomposes much- more quickly. When tho lirnt- 
mentioned pectic acid is boiled with dilute mineral acids, the liquid 
soon acquires a faint red colour, reduces copper- and silver-salts, and if 
sulphuric acid is used, gives off carbonic and formic acids, and, finally, 
an odour of caramel. The solution, which remains colourless If 
diluted at the right moment, leaves a black product when filtered, ami 
if evaporated after the sulphuric acid has been removed by carbonate 
of baryta, it leaves a syrup from which alcohol precipitates a baryta- 
salt soluble in water, leaving in solution a sugar (partly converted 
into caramel), which is fermentable and capable of uniting with com- 
mon salt. The baryta-salt, which is soluble in wafer, appears to 
contain formic acid, and an acid similar to malic acid. (Ohodumv.) — 
The jelly of pippins completely freed from sugar by alcohol, is con- 
verted into sugar by 20 minutes’ boiling with oxalic acid (Oouvorchel, 
(Ann. Chim. Pk/js. 40, 181). According to Fremy, poetic acid is trans- 
formed by acids in the same manner as by water, therefore without 
formation of sugar. 

5. With nitric acid , pectic acid yields oxalic acid (Yauquclin) and 
mucic acid (Braconnot). Strong nitric acid eliminates carbonic acid, 
and forms carbonic and mucic acids (Regnault). Ohodnew obtained 
mucic acid from pectin, but not from pectic acid, 

6. When pectic acid is heated with tho aqueous solution of caustic 
alkalis or alkaline carbonates , metapcctic acid is formed. (Fremy.) 
Pectin and pectic acid prepared from it undergo those transforma- 
tions much more readily than ordinary pectic acid. (Fremy, Ohodnew.) 
The liquid acquires a brown colour, but is not found to contain oxalic 
acid. (Fremy.) When poetic acid (from turnips) has heen boiled for 
some time with potash-ley, the solution is not precipitated by acetic 
acid; but hydrochloric and nitric acids soon render it turbid, and at; 
last throw down flakes. From the solution neutralised with acetic 
acid, alcohol throws down a jelly; neutral acetate of haul, a precipitate 
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wliioli exhibits the composition of peefcato of lead (27*08 p. c. carbon, 
3*1 0 hydrogen, 83*94 oxygon, and 35*82 oxide of lead), and when 
decomposed by hydrosulphuric acid, yields a black liquid, which can- 
not bo separated from the sulphide of lead, and when mixed with 
alcohol solidifies to a jelly in a few hours. These precipitates are 
likewise formed on adding alcohol and neutral acetate of lead to a 
solution of poetic acid which has been boiled for three or four days 
■with a largo excess of potash, whereas aqueous pectin, after once 
boiling with potash-ley, is no longer precipitated by acids. (Ghodnew.) 
8ee the properties of Premy's Metapectic acid, p. 411. 

Ifromborg’s poetic acid (p. 403), after boiling for lialf an hour with 
aqueous carbonate of soda,, was no longer precipitated by acetic acid; 
but neutral acetate of lead produced a yellow-brown i precipitate, which 
at 140° contained 41*39 p. c. Pl>0, and after deduction of this, 44*8 p. c. 
carbon, 5*33 hydrogen, and 49*87 oxygen. Another time the solution, 
after an hour’s boiling* with carbonate of soda, or a quarter of an 
Innir’s boiling with caustic soda, still yielded a precipitate with acetic 
acid ; but after boiling* for 7 to 20 hours with carbonate of soda, or 
digestion for 24 hours with caustic soda, no precipitate was obtained. 
The latter solutions, after neutralisation with acetic acid, were like- 
wise precipitated by chloride of barium, chloride of calcium, sulphate 
of copper, and neutral acetate of lead; and it w r as only after still 
longer boiling with caustic, soda, that a liquid was obtained, which 
when neutralised with acetic acid, was not precipitated by any of the 
above-mentioned reagents except ace talc of load. Hence the forma- 
tion of metupeetie acid is preceded by that of an acid which is not 
precipitated by acetic acid, but is thrown down from the neutral 
solution by lime- or baryta-salts, (Fromborg.) In this case, parapectic 
sudd might be formed, or the non-occurrence of the precipitates might 
be explained by the solubility of poetic acid in organic acids. (Kr.) 

When moist poetic add is heated with hydrate of potash, the 
mixture soon becomes fluid and brown, but loses its colour as soon as 
all the water is expelled, and then contains carbonate and oxalate 
of potash, (Vauquolin, Gay-Lussac.) 

On the behaviour Of pectic acid under the influence of ferments, according to Vau- 
quclin, see page 358. 

(hmMnatiom. Poetic redd separated from solutions, in which state it 
appears as a colourless jelly having an agreeable taste (V an quel in), 
must be regarded as a hydrate. It is insoluble in cold, and nearly 
insoluble in boiling water. The dry add immersed in boiling water 
softens and swells up slightly, but anon not form a jolly. (Itegnault.) 
See above on tho decomposition of pectic acid by boiling with water. 

Older statements, perhaps relating tnpecUmc or impure, pectic add , The solution of 
poetic acid in boiling water deposits a jelly on cooling, provided it has not been altered 
by continued boiling. (Vauquolin.) The anhydrous add scarcely swells up in cold 
water, and dissolves but sparingly in boiling water ; the acid obtained as a jelly by pre- 
cipitation from alkaline solutions, dissolves more abundantly in boiling water ; the 
filtrate is almost clear, reddens litmus very slightly, and is converted by acids, neutral 
salts, sugar, and alcohol, into a transparent and colourless jelly, probably because these 
substances render the water incapable of holding the pectic acid in solution. Baryta- 
and lime-water produce similar jellies by forming insoluble salts. (Braconnot, Payen.) 
The hot aqueous solution does not redden litmus. (Guibourt ) 

With Bases. — Pectic acid unites with bases, forming salts, among 
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which only, those of the alkalis are soluble in water, the rest being' inso- 
luble and gelatinous. The jellies precipitated from cold solutions are 
denser than those obtained from hot solutions (Regnault). At a 
moderate heat, the acid expels carbonic acid trom alkaline carbonates. 
It dissolves easily in aqueous alkalis, even after drying. Tim solution 
is not precipitated by mercuric- chloride, but ^ with all other salts it 
yields gelatinous precipitates, which dissolve in excess of alkali. — I i 
is difficult to obtain the salts at a delinite degree of saturation, because 
the neutral salts formed at first take up an additional quantity of 
pectic acid (Regnault, Fremy). When a soluble pectate is precipitated 
by a metallic salt, the composition of the precipitate depends upon 
that of the soluble salt, and varies with it (Regnault). The jellies 
precipitated by metallic salts from pectate of ammonia and pedate ot 
lime, are transparent if the acid was pure. They obsUnalely^reiain 
portions of the precipitant, which cannot be removed by washing on 
the filter, but may be got rid of by pressing the jelly with the hand, 
pouring fresh water upon it, and so on, whereby the salt acquires the 
consistence of woody fibre, and becomes friable after drying (Rnoduow), 
The insoluble salts dry up to very hard, difficultly friable, horny, hy- 
groscopic masses* They take lire when hoaitul in contact with the 
air, retain water obstinately, so that they cannot be dried below NO ' 
or 150°, and decompose at about 200° (Regnault). 

Pectate of Ammonia. — The solution of podie add in excess of 
aqueous ammonia slowly turns sour on boiling, and when evaporated 
in vacuo, leaves a transparent mass whose aqueous solution has u 
slight acid reaction (Regnault). — From the solution of poetic acid in 
aqueous ammonia, alcohol precipitates a transparent, colourless jelly, 
which, at 100°, becomes red-brown and uot friable, and dissolves m 
water, forming an acid, coloured liquid (Ohodnew). The acid ammo* 
iijacal salt which remains on evaporation, swells up in water ami dis- 
solves— assimilating at the same time a considerable quantity of water 
—to a tasteless liquid which reddens litmus (Braeonnot). * Aqueous 
pectate of ammonia yields gelatinous precipitates with chloride of 
sodium, acetate of potash, and other neutral salts, also with alcohol 
and sugar (Braconnot ; Simonin, J. Pham , 20, 478.) 

Pectate of Potash. — When pectic acid in excess is digested with 
potash-ley, ^ a large quantity of poetic acid it taken up, and a solution 
formed which is neutral at first, but .afterwards becomes Slightly acid. 
When a solution of pectic acid in excess of potash-ley is mixed with 
alcohol, a basic jelly is precipitated, from which potash is extracted by 
washing with alcohol (Regnault). — The' potash-salt obtained by pre- 
cipitating pcctic acid dissolved in excess of potash-ley with alcohol, 
and washing out the jolly with alcohol, acquires, at I20 rf f the diameter 
of woody fibre, but does not become friable; between 150° and 160" 
it gives off water, turns yellowish-brown, and then dissolves in water 
to a clear liquid, which smells of caramel and reduces cupric oxide 
(Chodnew). — Potash, added in excess to a solution of the potash- 
^alt, throws down a jelly, which recovers its solubility in water after 
the excess of potash has been removed, and, according to Braconnot, 
is a basic salt. 
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Chodnew. 


Calculation according to Chodnew. 

at 120°. 

at 150° — 160°, 

28 O 

168*0 .. 

. 34*25 ... 

33*80 

35*44 

20 II 

20*0 .. 

4*07 ... 

4*31 , 

4*02 

26 0 

208*0 ... 

. 42*44 ... 

43*00 , 

40*54 

2 KO 

94*4 ... 

. 19*24 ... 

18*89 . 

20*00 

C“' s U- ! '0- f V2K0.... 

. 490*4 .. 

.. 100*00 ... 

100*00 , 

100*00 


At incr~~ 160", « (^IlW^IvO (calc. 35 56 p. c. C., 3*81 II., 40*65 O., 
10*08 ICO.) (Chodnew.) 

Pcd< lie of Hoila . — Obtained like the potash-salt, winch it resembles. 
Dissolves in water after drying* at 120°. Neutral.. Swells up when 
heated in a platinum spoon. Contains 13*73 p. c. soda, corresponding 
to the formula C 28 J t 20 O 26 ,2NuO (calc. 13*54 NaO) (Chodnew). 

Pedate ofBuryta . — Aqueous poetic acid forms a gelatinous pre- 
cipitate with baryta- water (Braconnot). — When aqueous pectin is 
immersed in a large excess of baryta- water, in a vessel from which 
the air is excluded, poctosato of baryta is first precipitated and sub- 
sequently converted, by the excess of baryta, into pectate. This, 
after washing, drying in vacuo, and then at 120°, contains from 25*3 
to 2(1*8 p. e, baryta, corresponding to the formula C 32 IP°0 28 , 2 BaO (caic. 
26*0 p.o. BaO) ( Kremy).— Obtained like the lime-salt, which it resembles. 
The salt, dried between 150° and 100°, contains 2 at. waterless than 
that dried at 120° (Chodnew). 

Chodnew. 

Calculation according io Chodnew. at 120°. at 150° — 160°. 

28 O 108 .... 30*58 30*50 31*57 

20 li 20 .... 3*64 3*69 3*29 

26 O 208 .... 37*90 38*13 36*46 

2 BaO 153 .... 27*88 27*68 28*68 

C Sfl H^0 2fi ,2Ba0 .... 549 .... 100*00 100*00 100*00 

Calculation for the salt dried between 160° and 160°, 31*63 p. c. C., 3*38 H., 
36*15 O., and 28*84 BaO « OTPW^BaO. (Chodnew.) 

Pedate of J/itne . — • Lime-water added to aqueous poetic acid, and 
lime-salts added to pectate of ammonia, throw down gelatinous pre- 
cipitates. Pedate of ammonia is likewise decomposed by sulphate 
and bicarbonate of lime, but not by the neutral carbonate. Prom 
dilute solutions of alkaline pedates, a few drops of lime-water throw 
down gelatinous masses which are insoluble in alkalis. Pectate of 
lime does not dissolve in boiling water or in ammonia, and k not 
decomposed by potash-ley ; but it is decomposed by hydrochloric acid, 
with separation of poetic; acid, and by heated carbonate of soda, with 
separation of carbonate of lime (Braconnot, Ann, Ohim, Pkys « 44-, 60; 
47,208). — The transparent and colourless jelly precipitated from 
neutral pectate of ammonia by aqueous chloride of calcium, is harder 
than pectio acid, and becomes yellowish after being pressed, washed, 
and dried at 120°. (Chodnew.) 
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(lliotlnew. 

Calculation according to Cliodncw. 

mean, at 1 20 1 

f. 

t 1G8 ... 

..... 37*08 ,, 

50*77 

OO TT 

20 ... 

.... 4*11 .. 

4*05 

'?c> o 

, 208 ... 

.... 45*94 .. 

4G *10 

2 CaO 

. . 5G ... 

.... 12*57 .. 

12-12 

C“ s H“ (l 0 2(i ,2Ca0 . 

... 452 ... 

.... 300*00 ... 

100*00 


Compare Mulder’s analyses, p. 403. 


Pedate of Lead. — When an aqueous solution of neutral acotafe of 
lead is poured into an aqueous solution of peciatc <»l ammonia liavinp; 
an alkaline reaction, a transparent jelly is formed, containing 48*71 
p. c. oxide of lead (Eegnault). The precipitate thrown down from 
neutral pcctato of ammonia by neutral acetate of load coupons be( worn 
32*7 and 35 p, e. load-oxide ; from an ammoniaeal solution of iho 
neutral acetate, soluble pectad.es throw down piveipilnd.es eoulnming 
as much as CO p. c. FbO, and more, in proportion as the solution is 
more ammoniaeal (Fremy). - — .From cold pectin acid (pedate of immnmm ?j, 
neutral acetate of lead, throws down neutral peetale of lead contain** 
mg* 30*06 p. C. load-OXlde (Chodnew'n formula C-dDdFviPhO rttquirtiB 30*13 
p. c. PbO); from the hot solution a basic salt is obtained in iho form of 
a jelly which easily separates into flocks, and when dry becomes yellow 
and very friable (Ohodnew). — By boiling* with water, it is converted 
into parapectato of lead (Fremy). 


Calculation according to Fremy, 

Fremy. 

32 C 

... 192 .... 

29*09 

28*51 

20 H 

... 20 ..., 

3*03 

3*17 

28 O 

... 224 .... 

33*94 

35-22 

2 PbO 

... 224 .... 

... 33*94 

33-10 

C 33 II 20 O 2s ,2PbO . 

... 6G0 ... 

100*00 

100*00 


Calculation according to Chodnew. 

Rcgmnilt. 

Chodnew. 

28 C 

.. 168 . 

.. 23*28 .. 

21*87 

23*06 

19 H 

.. 19 . 

.. 2*03 .. 

2*26 

2*55 

25 0 

. 200 . 

.. 27*72 

27*13 

28*07 

3 PbO 

. 336 . 

.. 46-37 . 

...... 48*74 

46*32 

C S3 H 19 0 2t,3PbO . 

... 723 , 

... 100*09 . 

100*00 

100*00 


Compare Mulder’s analysis, p, 403. 


Poetic acid protects fevvie salts from precipitation by alkalis 
(II. Bose). " ’ 

Pedate of Copper. — Pectato of potash forms with sulphate of cop- 
per a bulky coagulum, the liquid not retaining* a trace of copper; the 
greenish precipitate is insoluble in boiling water ; gives up part of its 
acid to potash, the residual salt not being dissolved thereby; and is 
decomposed by nitric but not by acetic acid (Braeomiot). 

A solution of sulphate of copper poured into aqueous pectato of 
ammonia, throws down a green jelly of variable composition, which 
lines up to a , yoUow maffl (Kegnanlt). Pectato of copper in green both 
before and after drying (Chodnew). 1 b 



PECTIC ACJD, 


409 





Chodnew. 

Calculation according to Chodnew. 

at 120°. 

28 C 

168 ..., 

35*34 ... 


20 11 

20 .... 

4*19 ... 

4*21 

26 0 

208 .... 

43*79 ... 

43-84 

2 CuO 

80 ... 

.... 16*68 

16*86 

CTTO**2CuO ... 

476 ... 

100*00 .. 

100 00 


For Mulder's and Fromberg’s results, see page 403. 

The precipitate formed by sulphate of copper la ammoniacal pectate of ammonia, 
continues to rwlissolvo for a long time, till finally a blue ammoniacal jelly is precipitated, 
probably a double salt. (Regnault.) 

Pectate of Silver . — Obtained by double decomposition of pec- 
hdo <>f ammonia with nitrate of silver, and contains an amount of 
oxide of silver varying' with the constitution of the pectate of 
ammonia used. a. When nitrate of silver is poured into aqueous 
pedate of ammonia which has been boiled as long as ammonia con- 
tinues to escape, a precipitate is formed containing 38*38 p. c. AgO. — 
b. When aqueous peefnte of ammonia is poured into nitrate of silver, 
the preeipiiato contains 3 (5 *9 5 p. o. AgO. — c , When pectate of ammonia 
is prepared by evaporation in vacuo, and nitrate of silver is poured 
into its aqueous solution, the precipitate contains 40*39 and 41*02 
p. o. AgO, — - (L 'When nitrate of silver is poured into pectate of 
ammonia containing (excess of ammonia, the resulting precipitate con- 
tinues for a long time to redissolve, and when it no longer disappears 
on stirring, contains 38*48 and 8(W>8 p. e. AgO (, Regnault). 

Neutral, pectate of silver is obtained by precipitating pectate of 
ammonia with nitrate of silver; but if the nitrate of silver has any 
free add adhering to it, the precipitated poetatoof silver is mixed with 
poetic add and therefore exhibits a smaller amount of silver-oxide 
(Ohoduew). 

Calculation according to Frcmy. Calculation according to Chodnew. 


32 C 

20 H 

28 O .... # 
2 AgO 

192 

20 

224 

232 

.... 28*74 
.... 2*99 

.... 33*53 
.... 34*74 

28 C 

20 H 

26 O 

2 AgO .. 



. 168 
, 20 
. 20S 
. 232 

.... 26*75 
.... 3*18 

.... 33*15 
.... 36*92 

OTFO®, 2AgO, M . 668 

.... 100*00 

C s "H s0 O a ,2AgO 

. 628 

.... 100*00 



Regnault, 


Frcmy. 


Chodnew. 


a. 

c. 




at 100°, 

(j 

26*41 . 

25*29 and 

25*87 

. 27*07 


26*45 

H., 

2*79 . 

2*74 „ 

2*80 

, 3*33 


3*10 

0 

32*42 . 

30*95 „ 

30*94 

. 32*81 


33*75 

AgO 

38*38 . 

41*02 „ 

40*39 

. 36*79 


36*70 


100-00 . 

100*00 „ 

100*00 

„ 100*00 


100*00 


Frcmy 's analysis (/. Pharm. 26, 379) does not agree with his later formulas j 
moreover he does not quote it any more. The calculation is deduced from bis formula 
of poetic acid and the other pactates. 

With Hah *. — Poetic acid dissolves in aqueous solutions of the neutral 
salts, especially the ammonia-salts, of many organic acids. When 
small quantities of citrate or rnalate of ammonia, or other similar 
salt, is added to water in which poetic acid is suspended, an acid 
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solution is produced from which alcohol throws down a jelly which 
dissolves in boiling water, and separates again on cooling. This 
jelly is a compound of poetics acid with an ammonia-sob, ; it is 
decomposed by prolonged boiling, or by repeated precipitation with 
alcohol and re-solution in water, and is thereby rendered partially 
insoluble in water. Such compounds are obtained by boiling yarmt-pulp with 
acids, provided the pulp luis not been previously exhausted with adds, --and may be 
confounded with pectin (Fremy). Chodnew's pec, tons add (p. 31! dj, might therefore 
belong to this place. (Kr.) 

Pectic acid is insoluble in uhohulmft In ether, — i In aqueous organic 
acids it does not dissolve more freely than in pure water. (Braconnot, 
Ann, Chim, Phys. 50, 382.) 


Parapectic Acid. 

(|24|J17()3n 

Fremy. JS r . Ann , Chim, ./%*♦ 24, 34, 

Resembles metapectic acid in being soluble in water, hut is distinguished therefrom 
by forming a precipitate with baryta-water. See page 308. 

When pectic acid is boiled for some time with water, it dissolves as 
parapectic acid. In like manner, pectates heated for several hours to 
150° or boiled with water, are converted into para, pectates. 

Parapectic acid is uncrystalli/.able, destitute of optical rotatory 
power, and has a strong acid reaction. When heated,, it behaves like 
pectin; when dissolved in water, it is quickly converted into me ta, pectic 
acid; when boiled with potammeupm tartrato, it precipitates cuprous 
oxide; and it is not fermentable. — It forms soluble salts with the 
alkalis , and is precipitated therefrom by excess of baryta-wakr ; from 
its aqueous solution it is precipated by alcohol. The potash-salt pre- 
cipitated from its aqueous solution by alcoliol and dried at 1 50“, contains 
28 p.c. potash (C 24 H 16 0 21 ,2K0«22-4 p. c. KO) r — The ImUrnlt is obtained 
by boiling pectatc of lead suspended in water for several hours, or by 
precipitating aqueous parapectic acid with neutral acetate of lead. 



Lead-salt at 150°, 


Fremy, 

24 C 


... 144*0 

20*10 ... 

..... 25*04 

15 H 


... 15*0 

2*72 ... 

2-08 

21 O 


... 108*0 

30-54 ... 

..... 31*57 

2 PbO 


... 223*4 

40-58 

.... 40*71 

C !4 H I, O a ,2PbO..:.. 

... 550*4 

, 100*00 ... 

100*00 


At 310° it contains 24*44 p. c. C., and 2-02 XL; therefore 2 at. water more. 
(Fremy.) 
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Metapectic Acid. 

? C 8 IFO° oi* 0 16 IP0 18 . 

I^rkmy. J. Pharm. 26, 382 ; Ann, Pharm, 35,322; J. pr. Chem, 22, 1.* — 

.N\ Ann, C/dm. ]>/ujs. 2-1, 36; Ann, Pharm.- 67, 288; J. pr. Chem. 

45, *112. — Compt, rend. -18, 202; N. J. Pharm, 35, 81 ; abstr. Hep. 

Chim . pure, 1, 2(51). — Compt. rend. 49, 561 ; Hep. Chim. ‘pure , 1, 602; 

Chem. Cenlr. I860, 4. — Kopp y s Jahresber. 1859, 530 and 540. 

A aide cciluiique. — Occur ft as a product of the transformation of 
I loetosc, in all fluids of the vegetable organism wliicli arc in contact 
with tissue containing* pectosc. 

Korin, ation, All pectous substances may bo converted either directly 
into metapectic acid, or into products which yield this acid after 
further treatment (pp. 397, 398.) — When lime is allowed to act on man- 
gohl-wur/el pulp in the manufacture of sugar on the large scale, 
mol ape elate, of lime may be formed, which then accumulates in the 
molasses. 

Preparation. Chopped man gold- wurzel is washed with water ; the 
residue is boiled for an hour with milk of lime and pressed; and the 
liquid is evaporated to a syrup and mixed with alcohol. Motapoctate 
of lime then falls to the bottom, and after it has been decomposed by 
oxalate of ammonia, the filtered solution is mixed with excess of 
neutral acetate of lead to precipitate colouring matter, phosphoric acid 
and other substances and the filtrate is supersaturated withammohia, 
which throws down metapectate of lead. By decomposing this salt 
under water with hydrosulplmrie add and evaporating the filtrate, 
aqueous metapectic acid is obtained. 

Properties. Amorphous, strongly acid mass, destitute of rotatory 
power* 

Decompositions. ,L When heated, it behaves like pectin (p. 396). — 
2. The aqueous solution quickly becomes covered with mould, and is 
decomposed by prolonged boiling, with formation of acetic acid and 
black til mio acid* — 3* It reduces potamo-euprio tartrate at the boiling 
heat.-— 4. It reduces aqueous silver- and gold-suits. 

Metapectic acid is deliquescent and dissolves readily in water. — 
The metapectalcs (excepting the basic salts) are all soluble in, water. 
The aqueous acid decomposes carbonates and neutralises strong bases. 

Metapectate of Lead, — Aqueous metapectic acid precipitates basic 
acetate of lead, but not the neutral acetate. The aqueous solutions of 
the alkaline metapoetates added to neutral or basic acetate of lead in 
excess (of the lead salt?) throw down soluble precipitates. — The 
precipitates thrown down from aqueous metapectic acid by basic 
acetate of lead contain from 67\5 to 68*8 p. c. (C 8 H 8 0 7 ,2Pb0 = 67*2 p. c. 
PbO) and 73*4 to 74*2 p. c. oxide of lead (C 8 H 8 0 7 ,3Pb0 — 75*4 p. c. 
PbO) ; after deduction of the lead-oxide, they contain, on the average 
43*51 p. c. 0., 4*58 IL, and 51*91 O., corresponding to the formula 
OTPCP, (calc. 44*08 p. C. C-, 4*58 H., and 51*34 O). Fremy formerly 
analysed lead-salts containing smaller quantities of lead-oxide (40*9 and 46*73 p. c.}. 
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Jelly from Yellow Pods. 

v. Orth. Wien, Ahead. Bor. 33, 512 ; J, pr. Chew. (M, 30, 

L. Mayer. Wien. Ahtd, Ber. 20, 520 ; ,/. pr. Chew. (50, 215. 

Occurs in llio fruit of (hmknia grandfjlonf, — The yellow pods, 
after being exhausted with alcohol of -10", svrt^ I h »H<m I. will* wider t (he 
filtrate, after addition of hydrochloric*, acid, is precipitated with alcohol ; 
and the solution in water' acidulated with hydrochloric acid, and pre- 
cipitation with alcohol, are repeated ns long' as the precipitate appears 
coloured. 

v. Or tin 


Calculation according to 

v. Orth. 

at 100°. 

32 C, . 

. „ 192 

.. 42*10 

42*0 < 

24 H 

.... 24 ...... 

5*20 

5*30 

30 O 

.... 240 

.. 52*04 

52*00 





OMI^CP .... 

.... 450 ...... 

.. 100*00 

300*00 


Mayer. 


Calculation according to Mayer, mean. 


64 C 

.... 384 ... 

41*07 ... 

40*90 

47 H 

.... 47 ... 

5*03 ... 

5*33 

63 o 

.... 504 ... 

53*90 ... 

53*77 

C w H 47 0 63 .... 

.... 935 .... 

100*00 ... 

100*00 


After deduction of 1*8 and 0*79 p.c. ash, — It may perhaps be isomeric or 
identical with parapectin (p. 399). Kr. 

When heated with hydrochloric acid , it behaves in the same manner 
as jelly from Syringa. 


Jelly from Syringa. 

v, Payr. Wien. AJcad. Ber. 20, 527 ; /. pr. Chew, 00, 213, 

Occurs in the fruit of Syringa w^m-w. — The fniil sHt^paradtal from tins 
stalks are boiled for a few minutes witlfwatev, and (he liquid, after being 
strained, is precipitated with neutral acetate of lend, The dirty brown 
precipitate, diffused in water after washing, dissolves pur bally on 
addition of acetic acid. On decomposing the undissolved part under 
water with hydrosnlphunc acid, separating the sulphide of lead, con- 
centrating* the filtrate, decolorising with animal charcoal, adding hydro* 
chloric acid and precipitating with alcohol, a transparent jelly is 
obtained which may be decolorised by repeated solution in water con- 
taining hydrochloric acid, and precipitation with alcohol. 


Calculation according to 

v. Payr. 

V, Pay*. 
mean. 

64 C 

384 

.. 41*47 

„ 41* ( 

46 H 

.... 46 

.. 4-9? 

’! 5*2 

62 O 

.... 496 

.. 53-00 



,...926 

« 100*00 ..... 

....... 100 0 


After deduction at 2*8 p. c. ash, — Isomeric with parapectin (p, (UMl). 
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The aqueous solution heated to 100° for several hours with hydro- 
chloric acid , deposits on cooling* a white powder which at 100° contains 
39*81 p. c. carbon, 5*24 hydrogen, and 54*95 oxygen, corresponding 
therefore to the formula (J ci II®°0 CG (calc. 39*92 p. c. 0., 5*20 H. and 
54*88 O), and is formed by assumption of 4 at. water, (v. Payr.) 


Sacc’s Pectic Acid from Wood. 


Sacicj. N. Aim . Cl dm. Phjs. 25, 218; J. pr. Chcm . 46, 430; abstr. 

Pharm. Cmitr . 1849, 235 ; Chem. Gaz. 1849, 274, 

I’ouTKit. Ann. Pharm. 71, 115; abstr. Pharm. C en,tr , 1849, 777; Client, 

Gtus. 1849, 44)9. 

The substance produced by boiling wood with nitric acid (from the 
mernsting matter, p. 124, according to Sacc), consists, according to 
Saco, of poetic acid; according to Porter, it is a different body. 

Saco boils deal-shavings for some hours with 2 pts. water and 
10 pts. commercial nitric acid, whereupon reddish vapours are at first 
abundantly evolved, and the wood is converted into a white doughy 
mass. This ho washes with water to remove all the acid, then collects 
it on linen, and dries it over the water-bath. — Porter further treats the 
mass thus obtained with dilute aqueous ammonia, which leaves a por- 
tion undissolved and precipitates the filtrate with hydrochloric 
acid. 

Light grey (Saco), or reddish grey (Porter), easily friable mass. 


Calculation according to Porter. 

Sacc, 

Porter. 

16 C 

,, 96 .. 

. 43*63 ... 

40*83 to 42*86 ... 

mean „ 

..... 43*39 

12 11 

12 ... 

. 5-45 ... 

5*86 „ 5*94 ... 

5*86 

*14 O 

112 ... 

, 50*92 .... 

53*31 „ 51*20 ... 

50*75 

Cwnuo’w „ 

.. 220 ... 

. 100*00 ... 

100-00 100*00 ... 

..... 100*00 


After deduction of l to £ p, c. ash. Sacc gives the formula C 1(! H 12 0 13 which he 
regards as that of poetic acid. 

Pecowporiliom . 1. When heated, it chars quickly without detonation, 
omitting an odour of caramel and leaving charcoal (Saco). — 2. By 
boiling with moderately dilute nitric acid, it is converted into oxalic 
add, without formation of muoic acid. 3. With oil of vitriol , it chars 
and gives off an odour of caramel (Porter). — 4. Hydrochloric acid at 
the boiling heat o< lours it red. After boiling for some time with aqueous 
atMisj it is no longer precipitable by acids (Porter). 

It does not dissolve in water either cold or boiling. — When newly 
prepared and moist, it dissolves easily in water containing ammonia , 
and is precipitated therefrom by weak acids, as a stiff, colourless, 
transparent jelly. After drying, it is insoluble in aqueous ammonia 
(Sane). It dissolves with difficulty in aqueous alkalis, and is thrown 
down by adds from concentrated solutions as a white light powder; 
from more dilute solutions, as a transparent precipitate, which quickly 
unites in white Hooks. Alcohol and metallic salts likewise precipitate 
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the alkaline solution. The last formed precipitates have the aspect of 
pectates (Porter). 


Glucosicks Of Conjugated Compound* of the. Smvhtmml Suhtuuft 

Chitin. 

C ,8 NH 15 0 1S = 


Odipr (1823). Man. Sot;. tW*t mlttr. tie M, U 2'J 
8, 1, 233 ; Mug. Pham. !>, 301 ; J. Pham. 0. 370 ; Jtert. 


; A'. Tr. 
Jt(/ursht'/\ 


./, pr. Vhem. 


4 247. 

Lassaione. Compt rend. 1 <>, 1087: »/. Chim.tnrd. 10, 070; 

29 ? 82 8; Perz. Jahresber. 21, 000. 

Paten. Compt. rend . 17, 227; Perz. Ju/uwIht, 21, 700, 

K. Sonar idt. Atm. Pharm. 51, 208. 

Sciilossbekger. Ann. Pharm. 08, 00 ; N. Jahrb . Pham. 5, 207 i 
abstr. J. pr. Cheat. (58, 102 ; (Jhm. Ccntr. 1850, 487. 

Berthe lot. Compt. rend. 47, 227 ; */. pr. (’him* 70, 571 ; Chew. Centr. 
, 1856, (570 ; Pip. Chim. pure 1, GO; In detail: AT. Ann. Chim . /%,*?. 


56 149. 

Peligot. Compt rend. 47,1084; N. Ann. Chim . Phtfs. 58,88; Rip. 

Chim. pure , 1, 284 ; Ohm. Centr. 1859, 700 ; ZMu\ Pharm. 8, 241. 
Stadeleix. Ann. Pharm ♦ Ill, 21 ; Ch&n. Centr. 1850, 708, 


Btulomailerm (Lassaigne). — Discovered and distinguished from horn-substance by 
Odier, in 1821 ; recognised as a nitrogenous compound by Lassaigno ; first more 
completely investigated by K. Schmidt. Fretny's non-asmtised chitin k essentially 
distinguished from that of all other chemists by the absence of nitrogen. IMigotbs 
chitin appears (according to Stiideler) to have contained cellulose derived from remains 
of leaves. — - Peligot regards chitin in general as a compound of cellulose with protein- 
substances. 


Occurrence . Oliitin forms the chief constituent of the envelopes, 
scales and hairs of articulated animals, also of the lining* mcmbmnoH of 
the trachea and intestines ( Ifandh . viii, Zone hem. 462). Many tissues 
designated by histologists as chitin, agree with that substance oply In 
their behaviour with potash-ley ami acetic acid, and have not term 
shown to be identical with it. (thus the hymns of aoaphuhe contains, 
not chitin as supposed by Leuokurt ( Wktjm,. Arch , 1852, 25), but a sub- 
stance richer in, nitrogen (see (hincMotm) ; tjniwclo-sholk contain, not 
chitin [contrary to the statement of Ktiss (Dmeriation uhr Btruetar mf 
ZvsawmeiweUunij der M.mehekchdm, 1858)], but conehiolin (ScIiIokh- 
berger). 


Preparation. The tissues intended for the preparation (carapaces 
of the crab, wing-cases of the cockchafer, and similar material) are 
deprived, by successive treatment with water, alcohol, dilute acids, 
potash-ley and ether, of all matters soluble in these liquids, and the 
residue is then washed and dried. If tissues are used likewise containing 
cellulose, or if entire animals having remains of leaves in their intestlmw, are 
subjected to the same treatment, the chitin will be contaminated with these mibstancm 

When chitin thus prepared is boiled for 12 hours or longer with a mix- 
ture of l voh oil of vitriol and 4 voh water, parti of it is converted into 
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soluble products ; but the residue, which swells up to a pasty mass, is 
perfectly pure chitin (free from ash) which may be washed by decan- 
tation, so long* as it contains free acid, but as soon as all the acid is 
removed, remains partly suspended in the liquid, and can only be 
recovered by evaporating the water (Stiidcler). 

If the skin of silk- worms be, treated successively with potash -ley, 
alcohol, ether, and acetic acid, the residual chitin contains 48*13 p. c. C., 
8*30 N., 0*90 II., and 3G*G7 0. ; after further treatment with perman- 
ganate of potash, 47*38 p. c. C., G*15 N., 7*02 II., and 39*45 O. When 
silk-worms are boiled with strong potash-ley, which disintegrates or 
dissolves their several organs as well as the remains of leaves in their 
intestines, then with dilute sulphuric acid, and the skins, which 
remain as translucent hags open at both ends, are washed, dried and 
treated with sulphuric acid containing G at. water, they lose 44 p. c. 
of their weight, but the residue still contains 5*8 p. c. nitrogen. If 
they arc then treated for several hours with hot, or for some days with 
cold concentrated aqueous permanganate of potash, then with bisulphite 
or potash, and finally with water, there remains a white, 'inter- 
laced mass which does not give off ammonia when boiled with potash. 
This mass, however, if made up into a paste with hydrate of potash 
and water, and heated to 100° for eight days, dissolves with evolution 
of ammonia, and forms a soap, from which, after filtration, acids separate 
fatty acids ; but even after two-thirds of the whole has been decom- 
posed, the rest of the chitin still contains G*2 p. e. nitrogen, and con- 
tinues to evolve ammonia. When this chitin, after being softened .in 
water, is treated with oil of vitriol and iodine, it exhibits under the 
microscope, numerous brown integuments and isolated irregular 
particles which are coloured blue. The latter colouring*' becomes more 
plainly visible, if the skin is loft for some days in the iodine-solution 
and then moistened with oil of vitriol, whereupon pieces of membrane 
make their appearance, greenish at first, but changing to indigo-blue 
as the iodine evaporates. From this chitin, aqueous cuprammonia 
extracts cellulose winch is precipitated from the solution by acids. 
The horny substance of the lobster likewise exhibits the reaction of 
cellulose (p. 137) with oil of vitriol and iodine. (Peligot.) This chitin 
m rightly regarded by Stiidcler as impure ; from pure chitin ho was 
unable to extract anything by cuprammonia. 

Fremy’s Chitin, — When the skeletons of Crustacea are treated with 
cold dilute hydrochloric add, the undissolved residue is boiled for several 
hours with potash-ley and again washed with water, alcohol and ether, 
a transparent horny substance is obtained, containing on the average 
43*35 p. c. 0,, G*G5 H., and 50*00 ()., but no nitrogen, and therefore 
isomeric with cellulose ((J w II l0 O X0 ). This substance is not altered by 
dilute acids or alkalis, and not converted cither into sugar by the former, 
or into pyroxylin by fuming nitric acid, which indeed has no action 
on it whatever. By concentrated acids, it is disintegrated, dissolved, 
and converted into an acid comparable with mctapoctic acid (p. 4ll) ; 
by boiling nitric acid it is converted into oxalic acid (Fremy, N. Ami. 
CMm. Phys. 43, 93). 

Properties. White amorphous mass, which, when examined with 
the microscope, often exhibits the structure of the tissues from which 
it has been prepared. — Chitin which has been boiled for a long time 
with dilute sulphuric acid, and separated by evaporating the water in 
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which it, was suspended, forms hard, transparent or 
coherent films, which are extremely difficult to comminute (Madder), 





Schmidt. 

Lehmann. 

Stihhde 




Mean. 

mt'tm. 


18 C 

108 . 

.... 40*35 . 

... 40*71 

..... 40*73 

... 40*32 

N 

.... 14 . 

... 0*01 . 

... 0*50 .... 

.... 0*40 ..... 

0*14 

is h : 

.... 15 . 

... 0*41 , 

... 0*82 .... 

.... 0*50 

... 0*40 

12 O 

.... 90 . 

... 41*20 . 

... 39*97 .... 

,.... 40*10 ..... 

... 4 DM 

C IS NH 1S 0 12 

.... 233 .. 

100*00 .. 

100*00 .... 

.... 100*00 

... 100*00 


Sclimult’s clutin mostly contained ash to the amount of 2 per cent. — - I’nyeu found 
8-99 p. c. nitrogen, Sdilossbergcr 0*4 p. c. See tho analysis By Children & Darnell 
(I-Iandb. viii, Zoochem. 470). Respecting Pdigot’s analysis and Kir.mv’s chit in 
(p. 415). — Schmidt gave the formula C I7 NH H O u ; StUdclcr that which is here adopted, 
— Tree from sulphur and phosphorus. (Schmidt.) 

Decompositions. 1. Ohitiu chars when fteufed, but neither molls nor 
changes in form, and does not yield any carbonate of minimum, 
(Odier.) By destructive distillation, water, acetic, acid, acetate of 
ammonia and a small quantity of empyreumatie oil are obtained, while 
charcoal is left retaining tho original form of tho chitin. (Schmidt.) 

2. Ohitin which had been kept uudor water for a your, was partly dis- 
solved and partly changed into a slimy nu^ss, (SohlosHborgor.) Tim 
skin of silk- worms, where freed by means of water and alcohol from 
all adhering substances, is not perceptibly altered by long boiling with 
water; the water takes up, however, a small quantity of a nitrogenous 
substance which, when tho solution has boon evaporated to a small 
bulk, is precipitablo by tannic acid, chlorine, or alcohol It thus appears 
that gelatin is hereby formed from the skins. (Lassaigne.) Ohitin, 
heated to 280° with water in a sealed tube, becomes brown and brittle, 
but is not dissolved or otherwise altered. (Schmidt.) — 11 Ohitin dis- 
solves in warm oil of vitriol. (Odior.) Oil of vitriol with f t at. water 
disintegrates and immediately dissolves it; oil of vitriol with. 3 at. 
water disintegrates it after some hours. (Payee.) When immersed 
in oil of vitriol, it becomes transparent, melts at the edges, and is 
completely dissolved after a quarter of an hour. (Sehlussborgm*.) it 
swells up in oil of vitriol and dissolves without coloration ? the solution 
becomes coloured on standing, and after 4H hours it- is black, has 
deposited a small quantity of insoluble matter, has a choking smell, and 
contains acetic acid and an ammonia-salt. (Schmidt.) The eolnus- 
lees solution of chitin in cold oil of vitriol is not precipitated by water 
after a few hours ; but on neutralising it with, carbonate of baryta, a 
soluble baryta-salt is obtained, while the solution immediately reduces 
potassio-cupric tartrate. (Studclcr.) — - When chitin is diffused in oil of 
vitriol and the solution dropped into 100 times its own weight of water, 
then boiled for an hour and afterwards neutralised with, chalk, sugar is 
obtained on evaporation. On the kind of sugar see p. 342. (BerlhnlnU 
When chitin is boiled with moderately dilute sulphuric acid, as described 
at page 415, the imdissolvcd and undecomposod portion being removed, 
the acid solution evolves ammonia when supersaturated with lime;, ami, 
after evaporation of tho filtrate to a syrup, amorphous sugar remains 
which easily reduces cupric tartrate. No tyrosine, leucine or glyeocoi 
accompanies the sugar, but it contains a small quantify 'of an 
amorphous substance. (S tiideler. ) Sec S ladder* 8 equation far thU deconi* 
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position, p. 342). — 4. Chitin dissolves in concentrated hydrochloric add 
without change of colour* (Schmidt.) The skins of insects when 
immersed in hydrochloric acid containing 6 at. water, become trans- 
parent, are disintegrated, and, alter a few minutes, dissolved. After 
neutralisation of the solution by alkalis, tannic acid throws down a 
precipitate containing nitrogen. (Payon.) — Chitin maybe bleached 
by chloride of potash or of soda. (Lassaigne.) A cold, saturated aqueous 
solution of chloride of lime quickly destroys thejskins of insects (Paycn). 

5. Chitin is coloured orange-yellow by solution of iodine (dark 
brown-red by iodine-water : Stddeler) ; addition of oil of vitriol 
occasions disintegration, but neither violet nor blue coloration. (Payen. 

• — -See the statements of P<jligot, p, 415, and those of Rouget, below.) — 6. Chitin 
is not coloured by nitric acid , but quickly dissolved. (Odier, 
Lassaigne.) It dissolves in concentrated nitric acid without change of 
colour (Schmidt), in an equal quantity of cold nitric acid with 4 at. 
water. (Payen.) — Crabs’ claws immersed in nitric acid, become 
transparent after a few moments ; if the acid is drained off, the mem- 
brane retains at first its original form, but afterwards deliquesces to a 
colourless liquid, beginning at the edges. (Payen.) — 7. Chitin is not 
altered by ebullition with potash-ley (Odier), or when heated with a solu- 
tion of 1 pt. potash-hydrate in 3 pts. water. (Lassaigne.) It remains 
unchanged when heated for days with very concentrated solution of 
potash, and when heated with potash-ley to 210° in a sealed tube, it 
behaves as when it is heated with water. (Schmidt.) When fused 
with solid hydrate of potash, it evolves ammonia without charring, 
leaving a residue which is soluble in water. (Payon.) The mem- 
braneous (issue of the articulata, either in its original condition or when 
the incrustations have been dissolved by hydrochloric acid, gives the 
rose-red coloration, characteristic of the nitrogenous tissues, when 
treated with mercuric nitrate, and the orange-red coloration with 
nitric acid and ammonia, but with iodo-chloridc of zinc (p. 140) it is 
coloured uniformly violet. After ebullition with potash-ley of 40°, 
whereby it remains unaltered as to external appearance and as to its 
appearance under the microscope, it more quickly assumes an 
in tenser bluish violet colour when treated with iodo-chloride of zinc; it 
still, however, remains tu attackable by concentrated potash-ley, acetic 
or tartaric acid — If chitin is boiled for half an hour with 5 times its 
weight of potash-hydrate and such a quantity of water that the mix- 
ture would immediately solidify if allowed to cool, a large quantity of 
ammonia is liberated, and half the chitin is dissolved. The residue 
appears unchanged when examined under the microscope ; it is trans- 
parent, gelatinous and easily comminuted when moist ; in the dry 
state, it is dull- white, very light, and micaceous. With tincture of 
iodine, or with iodine and dilute acetic acid, this residue becomes violet 
throughout; iodo-ehloride of zinc colours it pure blue. It dissolves 
almost instantly in acetic acid, tartaric acid, or in, warm water con- 
taining 0*5 p. c, hydrochloric or nitric acid, and is precipitated from 
these solutions by alcohol or by aqueous alkalis as a semi-transparent 
paste, which dries up to a yellowish, translucent gum. The acid solu- 
tion and the precipitate are coloured reddish violet by a few drops of 
bmiodide of potassium. This substance, Kouget’s modified chitin, dis- 
solves in oil of vitriol with yellow or brown colour, and is precipitated 
by water, from the freshly prepared solution, as a white powder. The 

VOX,. XV, 2 E 
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solution is less completely precipitated by^ water after lmvm 0 l>< J ■ *• 
to itself for 12 or 24- hours, and is tlum hmud to wnUun sugai. I 
modified clntiu remains soluble in acids alter being piveipiliilml hy 
alcohol or by alkalis, and still contains nitrogen. ( kongei, < arnpt, rend* 
48, 708. — See also Peligot's statements, p. 4 1 ft.) t . . . . . 

Ohitin is insoluble in water, aqueous ud n/rtiftol. 

Aqueous cupncmvinonia duos not; attack it in tho suialloHi dcgieo* 

(Stadeler.) 


Myronic Acid, 

c 20 Nii i9 s 4 o 20 = Gmm\snm%o w imn 


Ludwig $5 Laugh. Zdtschr, Oh. Pham, 8, LIU and 577. 

Myronx'dure. See x, 53, also p. 316 of tins volume. — JtecogiMHod US a giUi’O* 
sido by Ludwig <& tango, its very existence having* been previously 
called in question by Thielau (Pham, V wiled* 7, HU) and others. 
Scarcely known- except in tho form of potash-salt, 

Reparation of Myronate of Potash.-— Yo 1. x, p. 53. One pound of 
black mustard yields from 1 to 8*5 gnus, of crystals. 

Properties of the Potash-salt. — Colourless needles, possessing a 
cooling, bitter taste. Neutral. Scarcely loses weight at 100**- 


a. Calculation according to Ludwig So Lange. 


20 C 


120 

29*40 

N 


14 

3*43 

10 H 


19 

4*05 

4 S 

v 

04 

1 5 * 0 H 

IS Q 


144 

35*28 

KO 


47-2 

11*50 

(WNff'TOi'KQ .... 

408*2 

100*00 

h. Calculation according to Will Sc Kilmer. 

Ludwig tk Lange, 




ut 100*. 

2Q 0 

m 

28*90 ... 

29*98 

"*n»im»m*t*** 

u 

SW 


18 H 

18 

M*P»M 3,3 ««* 

4*01 

4 S 

64 

»*>•»*.« 15*41 .<i 


19 O 

152 


34*92 

KO 

47'Z 

11*36 ... 

11*29 

C 2 °NH la KS' l Q BI .... 

415:2 

........ 100*00 ... 



The salt used for analysis contained about 1 p. c, of lime for which an ctjaivtt- 
lcpt quantity of potash was substituted in calculating tho results. — Will Sc Kurner 
(Ann. Phqrrn. 110, 376) give, without further details, the formula //, which contaliu the 
elomepts of glucose, oil of mustard, and acid sulphate of potash. 

Decompositions of the Potash-salt , — I. When heated, it burns with 
a choking* smell, leaving sulphate of potash ami charcoal - 2. (lam 
when heated with concentrated phosphoric acid, and evolves a smell of 
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garlic, — lb Myronato of potash, boiled with dilute sulphuric acid, 
yields a liquid which does not ferment after neutralisation of the 
add, but reduces cuprous oxide from alkaline cupric solutions,— 
*1. Decomposed by aqueous ammonia, with formation of sulphuric, add. 

5. Heeomes yellow when boiled with potmh~U% evolves ammonia, 
a ad, after addition of hydrochloric acid, gives off hydroHidphnrio 
add, while a sugar which reduces iilkaliito cupric solutions, remains 
dissolved. — 0. A notation, mixed with baryta-watcr become# turbid on 
boiling, from separation uf sulphate of baryta, and evolves ammonia 5 
alter addition of hydrochloric add, it evolves hydroBulphurie 
and carbonic adds, Lime-irater acts like baryta- water. 7* With 
prvtochloridc of tin, it forms hydrosulphurie, acid ami protosulplude of 
tim — 8. Thrown down white precipitate# from neutral and from ham 
nvvUtUi of leaf on boiling. — 9. its aqueous nohition in colourful brown- 
red when boiled with ferric chloride, and, on addition of nitric; acid and 
chloride of barium, deposit# nulpbato of baryta and lose# its colour. 
“■**' Id* Reduce# mrrenroun nitrate to the metallie state on standing, a, lid 
mercuric chloride to calomel wlum heated. — U . Tim nolulion mixed with 
aqueous ‘nitrate of rilrer remains dear at. first, but after a lew minutes, 
.yields a while precipitate, which dissolves wlum heated, tin? smell of 
oil of mustard bein'*’ then evolved, and sulphide of silver deposited, -- 
12. It render# l he colour of bichloride of platinum .darker on boiling, and 
separate*# brown (locks from tcrc/dnriUe of tjuld. — ■ 18. In contact with 
water and mprtmn (x. 54), at the common temperature, it splits up, 
without evolution of gas, forming oil of mustard and sugar: thus, 
according to Ludwig & Lange: 

(>"NIP"h'()'» > K() . ■ -{. K0.280* + iriW'O'K 

The* liquid which remains, after distilling off the oil of mustard, is add, 
has a milky turbidity caused by separated sulphur, and contains j of 
the sulphur of the myroimle of potash ns sulphate of potash, With 
yeast it evolves a quantity of carbonic acid corresponding to us much 
glucose as would amount to 20**15 p* e, of the my r< mate of potash ; 
but, after ebullition with dilute sulphuric add, it evolves more, so that 
altogether glucose amounting to *15 p. e, of the salt is indicated. In 
a second experiment, less energetic myrosiu formed only 1 Hi) p. <«. 
glucose; in a third experiment, hardly any, — M, Herr-t/eaxt does not 
cause myronato of potash to ferment, (Ludwig & Lange.) 


Arbuttau 

(mH) H « 

tC&WAMKH* Wim. Afoul. Lkr . {), Kill ; J* pm Chew, 58, 195 ; Ann. 
Platrm. 84, 850; Phann. (Jcnlr, 1852, 701; (Jhcm* Unz* 1858, 01. 
Announcement of the results, Amu Pham , 82, 241. 

Al>. Htoeckkh, Munch, AhrtfL Her* Nr « 0‘J ; Ann. Phann. 107, 228 ; 
A ; . Ann. Ohm . P/m. 54, 814; flap. Ohim. pun, 1, 07 <~~~Ann. 
./‘harm* 118, 292 ; Hfp* (Mm. pure, 4, 77* 

Occurrence, In the leaves of Anlmtaphjlm Uva Uni 

2 & 2 
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Preparation. The extract of the leaves is precipitated with basic 
acetate of lead, and the filtrate, freed from lead by sulphuretted 
hydrogen, is evaporated to crystallisation. The crystals arc purified 
by recrystallisation with help of animal charcoal. (Strecker). Kawa- 
lier precipitates the extract with sugar of lead, boils down the filtrate 
in a retort, removes any lead-salt which has separated, and passes 
hydrosnlphuric acid into the liquid. The solution filtered from the 
sulphide of lead is evaporated to a syrup, and the arbutin, which 
crystallises out after several days, is purified by pressure and recrys- 
tallisation with animal charcoal. 

Properties . See hydrated arbutin. Hydrated arbutin loses water at 
100° (1 at. : Strecker), without becoming opaque, and is converted 
into anhydrous arbutin. Tastes bitter. Melts at a high temperature 
(at 170° : Strecker) to a clear, colourless liquid, which solidifies on 
cooling-, to an amoi'phous cracked mass. (Kawalier.) — Neutral. 





Kawalier. 

Strecker. 


at 100°, or fused. 


mean. 

mean. 

24 C 


52*94 

.... 52*46 ... 

52*8 

16 H 


5*88 

.... 6*11 ... 

5*9 

14 0 

112 .... 

41*18 

.... 41*43 ... 

41*3 


C 24 K 16 OU 272 .... 100*00 .... 100*00 100*0 

Kawalier formerly gave the formula C 32 H 22 0 19 . 


Decompositions . 1 . In contact with emulsin at the common tem- 
perature, it splits up after several days into hydroldnone (Kawaller’s 
arctuvin) and glucose. (Kawalier.) 


CP 4 H 15 0 14 + 2HO = C^O 4 + C 12 I1 12 0 12 . (Strecker.) 

Ebullition with dilute sulphuric acid has the same effect. (Strecker.) 
The hydrokinone may be extracted by ether from the mixture left on 
evaporation (Kawalier), or from the solution after ebullition with 
dilute sulphuric acid. (Strecker.) — 2. Easily converted into kioone and 
rorraic acid by peroxide of manganese and sulphuric acid. (Strecker.) — < 
3. Becomes yellow or red when chlorine is passed into its aqueous 
solution, and deposits shining yellow crystals of chlorokinone, biehloro- 
lanone, and perhaps products still richer in chlorine. Bromine forms 
Pc? i \ 11C ^ °& bromokinone, partly crystallised bromarbutin. 
(btrecker.) ~-4. Dissolves easily in concentrated nitric acid, forming a 
yellow solution which does not deposit crystals when evaporated, but 
gelds a precipitate of binitrohydrokmone when mixed with alcohol 


Oomhmiiom-Wia Water.- A. Hydrated Arbutin. Long, colour- 
at 100™ CheS ° f nee(iIes of a silk y lustre, which lose their water 


24 C 

17 H 

Air-dried. 

Kawalier. 


.. 53*24 

.... 49‘93 


.. 6*05 

.... 6*32 

15 O . 


.. 42*71 , 

.... 43*75 


Strecker. 

51*0 

6*3 

42*7 


C^HW + Aq. 


281 .... 100-00 .... XOO'OO 


100*0 
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B. Aqueous Arbutin . — Arbutin dissolves very easily in boiling 
water ; less easily in cold water* (Strecker.) 

Arbutin is not precipitated by metallic salts ; at least not by basic 
or neutral acetate of lead , or by ferric salts . (Kawalier.) When mixed 
with cupric sulphate and excess of potash-hydrate, it forms a deep- 
blue solution, from which no cuprous oxide is precipitated on boiling*. 
(Strecker.) 

Arbutin is soluble in alcohol and in ether . (Kawalier.) Scarcely 
soluble in ether. (Strecker.) 


Appendix to Arbutin. 

1. Binitro-arbutin. 

C*N*EKJ** = C 34 H w 3?O u . 

Ad. Strecker. Ann.Pharm, 118, 292; Pep. Cl dm. pure , 4, 77. 

Arbutin is dissolved in concentrated nitric acid, and the solution is 
mixed with several times its bulk of alcohol. When the mixture is 
left to itself, needles separate out, their quantity increasing as the 
liquid evaporates, so that at last the mother-liquor dries up to a dark- 
yellow amorphous mass, from which binitro-arlmtin can still be obtained 
by neutralisation with carbonate of baryta, and extraction with boiling* 
alcohol. 

Bright yellow, thin needles, which melt when heated and solidify 
in the crystalline form. Loses 9*35 p. c. water at 100° (calcul. : 4 at 
= 9*0 p. e.) 


24 C 

at 100°. 

.... 144 

.. 39-77 .... 

Strecker. 

mean. 

14 II 

.... 14 

.. 3*86 .... 

4*1 

2 N 

.... 28 

7*74 .... 

8*2 

22 0 

.... 176 ...... 

* 48*63 .... 

47*0 

C**X*H M O w 

.... 362 

.. 100*00 .... 

100*0 


Decomposed when boiled with dilute nitric acid , yielding binitro- 
bydrokinone, 0 18 X 2 II 4 () 4 . 

Easily soluble in water. The solution does not precipitate metallic 
salts . Slightly soluble in alcohol ; insoluble in ether. 


2. Resin from Arctostaphylos Uva Ursi, 

Kawalier* 'Wien. Alcatl Ber. 9, 297. 

The mother-liquor remaining in the preparation of arbutin, accord- 
ing to page 420, yields, when mixed with hydrochloric or sulphuric 
acid, and warmed, a precipitate of a resin, which may be purified by 
solution in alcohol, and precipitation of the solution with water. 
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Brittle, black resin, easily reduced to a dark-brown powder, winch 
melts when heated , and burns with a smoky dame. 



at 100°. 


Kawalier, 

ro a 

480 .. 

.. 62-90 ... 

02*95 

35 H 

35 .. 

.. 4*58 

5-06 

31 O 

248 .. 

.. 32-52 ... 

31-99 

C^IFO 31 .. 

763 .. 

100-O0 .. 

100*00 


So, according to Kawalier. — Perhaps it is C 21 H u 0 9 , and is produced from artmtin 
by loss of 5 at. water (calculation: 63’4 p. c. carb., 4*84 hydrog,). [Kr.] 


Amygdalin* 


C 40 NIFO 22 = C*NH, G u II 6 0 2 , 2C 12 H 10 O 10 . 


Robiqtjet k Boutron-Charlard. Ann. CMm. Phys. 44, 852 ; Pogg, 

20, 494 ; Schw . 61, 223 ; N. Tr. 24, 2, 198. — 7. Pharm. 23, 605 ; 

Ann. Pharm. 25, 175. 

Wohler & Liebig. Ann. Phxnim* 22, 1 ; Fogy, 41, 345. 

Discovered by Eobiquet & Boutron in 1830. The relation of araygdaliti to its 
products of decomposition, ahd the part it plays in the production of oil of bitter almonds 
(xii, 20), were Erst explained by Wohler & Liebig's investigation (1835). — Amygdalin 
was the first known example of a substance which yielded sugar as a product of 
decomposition. 

Occurrence . In bitter almonds, the kernels of Amygdahs communis, 
var . amara (Handb. viii. Phytochem. 14. Robiquet k Boutron.). — The 
almonds contain amygdalin ready formed ; it is not first produced on 
treating them with alcohol. If the concentrated aqueous emulsion is 
mixed, immediately after its preparation, with a very large quantity of 
absolute alcohol, the pulp pressed between linen, and the liquid 
filtered, boiled, filtered again, and evaporated, crystallised amygdalin 
remains behind (Wohler & Liebig). In this manner, amygdalin may 
be obtained from the emulsion of dry but not of fresh almonds, which 
latter perhaps do not contain amygdalin ready formed (Wmckler, 
Repent 65, 15). 

The following plants or part of plants either yield crystallised 
amygdalin,— or on subjecting them to the Usual process for the pre- 
paration of amygdalin, au extract is obtained (win elder's amorphous 
amygdalin ), which, when treated with almond-milk, yields prussic acid, 
and bitter-almond oil, but does not deposit any crystals of amygdalin. 
In other cases, the existence of amygdalin is indicated by the presence 
of prussic acid in the Watery distillate, although no attempt may have 
been made to separate it : (Seeaisovii,389.) 

_ A mygdalus ‘persica {Handb. viii, Phytochem. 14). Peach-kernels con- 
tain about 3 per cent, of crystallised amygdalin (Grciseler, liepert. 68, 
289) ; the leaves contain amorphous amygdalin. — Prtmm Lauroccmsiis. 
The ripe kernels contain crystallised amygdalin (Repent. 65, 1,1); the 
leAveg, amorphous _ amygdalin (Widtmann, itepmi. 45, 429, Peak, 
Repert. 45, 434. Liebig k Wohler, Winckler ; Simon, Ann. Pharm. 81, 



AMYGDALIN. 


423 


263* — Lepage, X CJiim . med. 24, 365 ; abstr. N. J. Pharm . 15, 40).— 
Prmms avium . Cherry-stones contain amorphous amygdalin in quantity 
sufficient to yield as much prussic acid as corresponds to 2*1 p.c. crystal- 
lised amygdalin (Gfeiseler, Report. 60, 289. — Wincklor). — The green 
parts of the cherry-troo do not yield a distillate containing prussic acid 
(Wicke, Ann. Pharm-. 79, 82). — Prunns domestica . Plum-stones contain 
crystallised amygdalin, together with a peculiar hitter substance 
(Wincklor, Report. 66, 327). The. distillate from the very young shoots 
contains prussic acid; that from the older shoots contains none. (Wicke.) 
A distillate containing* prussic acid is obtained from the leaves of 
Primus capricida , the bark of Pr. virginiana , the flowers (Zeller), and 
the kernels of Pr. Spinosa (Enz, Pha.rnu Viertelj. 6, 179), but not from 
the buds, leaves, root or bark of Primus Mahaleh (Wicke, Amu Pharm. 
79, 82 and 81, 241). — Primus Padus. From the fruit-kernels, Heumann 
{liepert 75, 221 and 360) obtained lj per cent. ; from the flowers, 
leaves and bark, Riegel {Jahrb. pr. Pharm. 4, 342) obtained from f to 
1 p. c. of crystallised amygdalin ; the plant also contains amorphous 
amygdalin (Riegel ; Wincklor, Jahrb. pr. Pharm. 4, 345 ; Heumann, 
Simon, Widtmann, Denk). The distillate from the bark and leaves is 
richer in prussic acid in December than in the earlier part of the year 
(Wicke, Ann. Pharm. 81, 241). 

The following Pomem {. Flaudh . viii, Phylochem-. 16), — Crataegus 
oxyacantha , Gotoncastcr vulgaris , A mdanchier vulgaris (not Pj/rus Malm), 
Borins Aucnparia , S. hybrida and >S Y . tormina Us — yield a distillate contain- 
ing prussic acid. The amygdalin accumulates in the buds and bark of 
these plants during the autumn and diminishes during the period of 
growth. (Wicke, Ann. Pharm. 79, 79, and 81, 249). — The leaves of 
shrubby spirmas {Ilandb. viii, Phylochem. 15), Spiraea Aruncus, 
S. sorbifolia and S. japonica yield prussic acid, whereas the distillate of 
herbaceous spiroeas contain either salicylous acid or neither of these 
acids (Wicke, Ann. Pham. 83, 175 \ compare xiv, 235, and Ilandb. viii, 
Phylochem . 15). 

Preparation. 1. The paste of bitter almonds freed from fixed oil by 
strong pressure is twice boiled with alcohol of 94 or 95 p. c., and the 
residue is strained and pressed; The oil which still separates on stand- 
ing is removed, and the liquid after filtration is set aside, a small por- 
tion of the amygdalin then crystallising out. The remaining liquid is 
distilled till only a sixth portion, of it remains $ the residue is mixed 
with half its volume of ether which precipitates the amygdalin j the 
crystalline pulp is collected on a filter, pressed between bibulous paper 
renewed till it no longer takes up any fixed oil, —then shaken up, and 
the amygdalin washed with ether, till this liquid evaporated on the 
water-bath no longer leaves a film of oil; and finally recrystallised from 
boiling alcohol (Liebig & Wohler). 

Ritter almonds thus treated yield 2 J p.c. amygdalin. — Weaker 
spirit likewise extracts sugar and other "substances from the almonds, 
decomposes the amygdalin, and renders the purification difficult j if no 
ether is used, part of the amygdalin remains in the mother-liquor after 
the alcohol is evaporated. It is not necessary to distil off more than 
half the alcohol, as ether will then precipitate nearly alt the amygdalin 
from the residue after a few days* (Liebig & Wohler, Amu Pharm. 
23, 329 ; Conipare the sitailar process of Rdhiqttet & Bouthm j also that of 
Trorarasdovff, Ann. Pharm » 27, 224). 
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2, The paste from 6 pounds of bitter almonds is boiled for an hour 
with 12 pts. alcohol, strained through sack-cloth and pressed, . and the 
residue is boiled with 9 pounds of alcohol, and pressed again. Tho 
extracts when cold, are freed as much as possible from fixed oil by 
decantation and filtration, then from alcohol by distillation, and strained; 
the greater part of the fixed oil which still remains, is then left on tho 
cloth in the form of a frothy mass. The crystalline pulp thus obtained 
in the course of 24 hours is triturated and washed with cold alcohol, 
pressed between linen, and crystallised from 2 pounds of boiling alcohol. 
By this process, large bitter almonds yield about 3 per cent., the 
smaller kind, 2*2 p. c. amygdalin. (Bette, Ann. Pharm. 31, 211.) 
Winekler (Report. 65, 1), and Hanle (Repert. 67, 38, 3 ; Jahrh.pr. Pharm. 
2, 163) proceed in a similar manner. — 3. Bitter-almond paste is boiled 
with alcohol, the tinctures completely freed from alcohol by distilla- 
tion, and the syrup, after dilution with water, is mixed with yeast. 
When the fermentation is ended, the liquid is evaporated to a syrup, 
and mixed with alcohol, which throws down nearly all the amygdalin 
as a white crystalline powder, which may be pressed and purified by 
recrystallisation. The syrup obtained by evaporating' the fermented 
liquid might also be boiled with alcohol and filtered hot. (Liebig & 
Wohler, Ann. Pharm. 24, 45). 

The amygdalin remaining in the mother-liquors may be utilised by 
decomposing* it with almond-milk, and distilling off the bitter-almond 
water. (Hanle.) 

Amorphous Amygdalin. Chopped laurel-leaves are digested and 
boiled with alcohol, and the mass is strained, pressed, and freed from 
alcohol by distillation. The residue is freed from chlorophyll by ether, 
and from tannin by precipitating the solution with nitrate of lead ; the 
lead is removed from the filtrate by sulphate of soda ; tbe liquid is then 
evaporated, and the residue boiled with absolute alcohol. The extract 
when evaporated leaves an amorphous, yellow, tough resin, which when 
redissolved in absolute alcohol leaves a small quantity of sulphate of 
soda, and may be partially decolorised by animal charcoal. The dark 
yellow, transparent residue dissolves readily in water and alcohol, not 
in ether ; it tastes like salicin and yields with almond-milk the same 
products as amygdalin (Winekler, Repert 65, 1). Simon agitates the 
tincture of dried laurel-leaves with litharge, and evaporates the wine- 
yellow filtrate, which is free from lead. The light brown extract can- 
not be made to crystallise, but it exhibits with almond-milk and baryta- 
water, the same reactions as amygdalin. (Ann. Pharm. 31, 263.) 

Properties . Crystallised amygdalin (see below) contains water, from 
which it may be freed by continued heating to 120° (Liebig & W ohler). 
It melts at 200°, and solidifies to an amorphous mass, which, if again, 
heated, melts between 125° and 130°. (Wohler, Ann. Pharm. 41, 
155). Inodorous, tastes sweet at first, afterwards bitter. (Robiquot 
& Boutron.) Neutral. Lmvo-rotatory (see p. 428.). Does not act as a 
poison taken internally. Only in two instances, Wohler & Frerlchs 
saw dogs fall ill after taking large quantities of amygdalin ; in these 
cases, they [as well as Widtmann (Repert. 45, 429) and Denk (Repert. 45, 
434)], observed an* odour of prussic acid in the breath, which odour 
was likewise emitted by the urine after addition of almond-milk. 
(Wohler & Frorichs, Ann. Pharm. 65, 337 ; Ohm. Gaz , 148, 229.) 
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Liebig 

Chiozza. 


at 120°. 


& 'Wohler. 

mean. 

40 c 

240 .. 

.. 52*51 

.... 51*51 

.... 52*20 

N 

14 .. 

.. 3‘06 

.... 3*06 


27 H 

27 .. 

.. 5*91 

.... 6*00 .... 

.... 5*95 

22 O 

176 .. 

.. 38*52 

.... 39*40 


C ln NIW>~ .. 

457 .. 

.. 100*00 

.... 100*00 



See also Liebig [Ann. Pharm. 18, 327) j Henry & Plisson's analysis (X Pharm. 
16,009). Mulder (J. pr. Chem. 15, 453), found 2 ‘8 p. c. nitrogen; Varrentrapp & 
Will (Ann. Pharm. 39, 282) found 3*04 p, c. 

Amygdalin. contains the elements of prussic acid, bitter-almond oil, and sugar 
(Wohler & Liebig), or those of 1 at. cyanide of benzoyl (C 14 H 5 0 2 ,Cy) and 2 at. gum 
(Wohler, Ann. Pharm. 66, 238). It may be regarded as formed by the union of 
5 groups of atoms, the conjugation of which is attended with the elimination of 8 at. 
water : 


C 40 NIi 27 O 23 + 8HO = C 14 H 6 0 2 + 2C* 2 H 12 0 12 + C 2 H 2 0 4 + NH 3 . 

(Piria, Ann. Pharm. 96, 381). See also Gerhardt (Precis 1, 148; 1ST. Ann. Chim. 
Phys. 7, 137). 

Decompositions . 1. Amygdalin melts when heated , to a transparent 
liquid, which turns brown (at 1G0°, according to 0. Schmidt), and gives 
off an odour of -caramel, then of white-thorn, together with an empyreu- 
matic animal odour (Eobiquct & Boutron, Widtmann). — 2. It is not at all 
altered by ozone at the temperature of the air (Gornp-Besancz, Ann. 
Pharm. 110, 106). — 3. Heated with nitric acid, it yields benzoic acid 
(Eobiquct & Boutron) and bitter-almond oil (Peligot). — 4. Aqueous 
amygdalin is not altered by heating with mercuric oxide or peroxide of 
manganese; but on addition of a small quantity of dilute sulphuric .acid, 
carbonic acid escapes with violent action, while bitter-almond oil, ben- 
zoic acid and formic acid pass over, and an ammonia-salt remains in 
the residue (Wohler & Liebig). -—5. When aqueous amygdalin is 
gently heated with permanganate of potash , the solution becomes 
decolorised, depositing hydrated peroxide of manganese, while cyanate 
and benzoate of potash, produced by the reaction, remain dissolved : 
the former is decomposed at the boiling heat, inconsequence of which, 
ammonia escapes and the residue becomes alkaline ( W older & Liebig). 
— 6, When amygdalin is immersed in potash- or soda-ley, and iodine or 
bromine is added till the liquid becomes permanently coloured, a large 
quantity of bitter-almond oil is formed (Lifert, Compt. rend. 28, 229). 
— >7* Dry chlorine gas does not act upon amygdalin; but in presence of 
water the mass swells up, and a white, inodorous, friable substance 
is formed, insoluble in water and iu alcohol. (Eobiquct & Boutron.) — 
8* Amygdalin dissolves with light violet-red colour in oil of vitriol 
(Wincklcr). On boiling it with dilute sulphuric acid, small quantities 
of bitter- almond oil and formic acid arc volatilised, and an additional 
quantity of the former after the residue has been neutralised with 
potash-ley. On neutralising with carbonate of baryta and evaporating, 
an amorphous baryta-salt is obtained, and the solution exhibits the 
power of reducing cupric salts (Chiozza, Gerk Trade, 3, 200). — 
9. The solution of amygdalin in fuming hydrochloric acid acquires a 
yellow or brown colour when warmed, and at a higher temperature 
deposits black-brown humous substances, the filtrate when evaporated, 
leaving a mixture of humic acid, sal-ammoniac, and mandelic acid 
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(xii, 57), the last of which may "be dissolved out by other. If the 
liquid is evaporated at a temperature above 100°, part of the mandelic 
acid becomes amorphous (Wohler, Ann. l } /iarm. CO, 261)). Alcoholic 
hydrochloric acid appears to form amygdalate of ethyl (p. 430). By 
boiling 'with dilute hydrochloric acid , amygdalin is easily converted, 
without colouring, into bitter-almond oil, sugar, prussic acid and formic 
acid (Ludwig, W. Ur. Arch. 82, 138; 87, 273). — 10. By boiling with 
potash-ley, it is decomposed, with evolution of ammonia. (Eobiquet & 
Boutron, Widtmaim.) Amygdalic acid is formed as a second product 
(Wohler & Liebig) : 

C 40 NH 2 "O“ + 2HO = C lu H 2(5 0 2i 4- NH 3 . 

100 pts. amygdalin yield 103*57 pts. amygdalate of baryta (Woliler & Liebig). 
Amygdalin, by conversion into amygdalic acid, acquires an increase of rotatory power. 
(Bouchardat, Compt. rend. 19, 1174). A similar result is produced by 
boiling with baryta-water ; but when amygdalin is triturated with 
anhydrous baryta and gently warmed, a violent reaction takes place, by 
which ammonia is evolved, together with a white vapour which con- 
denses to a colourless oil, and the brown residue contains carbonate of 
baryta. (Wohler & Liebig.) 

31. In contact with the emulsin of almonds (or with almond-milk) 
aqueous amygdalin is decomposed, with formation of bitter-almond 
off, prussic acid and sugar (Wohler & Liebig). 

emu*®® + 4HO == 0*NH + C 14 H 6 0 2 4- 2C 12 HW 

On tlie sugar tRus produced s&e page 311 . 

When bitter almonds are freed from fixed oil by ether, the Residue 
dissolves almost completely in water, to a faintly opalescent liquid 
from which alcohol throws down the emulsin in flocks. These flocks 
dissolve in water even after drying, and the solution becomes turbid 
between 60 s and 70°, and solidifies at 100° to a stiff paste no longer 
soluble in water. Emulsin which has been dried is still capable of 
decomposing amygdalin, but that which has been coagulated by heat 
no longer possesses this power. When bitter almonds are completely 
freed from amygdalin by exhaustion with cold alcohol, the residue, 
mixed with water, still acts on amygdalin (Woliler & Liebig), but the 
residue left after exhausting the almonds with alcohol does not exert 
this action. Nevertheless the residue obtained by exhausting the 
almonds with hot alcohol still yields, when treated with water, a solu- 
ble emulsin, which is coagulated by heat, and precipitated by tannic 
acid, but no longer acts on amygdalin (Eobiquet & Boutron). 

The aqueous solution of almonds exhausted with ether becomes some- 
what more opalescent on addition of amygdalin, but does not deposit any 
bitter-almond oil on cooling, whatever may be the quantity of amygdalin 
or emulsin contained in it, because the decomposition of the amygdalin 
goes on only so long as sufficient water is present to dissolve oil the pro- 
ducts of decomposition^ The mixture coagulates when distilled and gives 
oft considerable quantities of bitter-almond oil, more if the action has been 
continued for 6 or 8 hours, than if the mixture is heated immediately. 

1 pt. ot emulsin is capable of decomposing about 10 times its weight 
°f amygdalin in 8 days, provided a sufficient quantity of water is pro- 
ohler & Liebig:— Liebig, Chcmischc Briefi, 172). When sweet 
almonds are triturated with a small quantity of water and a quantity 
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of sugar too largo to dissolve completely, the odour of bitter-almond 
oil is not evolved on adding pulverised amygdalin, but powerfully on 
subsequent addition of cold water. 

Besides bitter-almond oil, sugar, and prussic acid, other products 
arc formed, probably by decomposition of those first produced 
Wohler & Liebig gave the equation, 

2C 40 NH 2 “O 22 - 4C 14 II fi G 2 + 2C 2 NII + C 12 H 12 0 12 + C 2 H 2 0‘ + 8IU). 

but they found more sugar than it requires (Ilandworterbuch, 2 Anil. 
1, 766) : the formula of decomposition given above (p. 426) is therefore 
to be preferred. If the sugar thus formed be decomposed by fermenta- 
tion, the residue becomes acid in consequence of the presence of a non- 
volatile acid (succinic acid? Kr. see page 275 ). If the solution is some- 
what concentrated, alcohol throws down thick white flocks of gum, 
perhaps produced by alteration of cmulsin (Wohler & Liebig). When 
amygdalin is gently warmed with einulsin and water, ammonia is given 
off. On agitating the mixture with oxide of silver, the previously acid 
liquid becomes alkaline, and gives off ammonia when placed in a 
vacuum. Since cyanide of silver is also produced, 2 at. of amygdalin 
must be engaged in the reaction. (Deschamp, J. Pharm. 25, 22 ; 
JSF. Ann . Chim, Phys. 12, 383.) 

The action of the cmulsin is prevented by the addition of 1 pt. 
hydrate of soda or oil. of vitriol to 100 pts. of the amygdalin, and 
retarded by an equal addition of lime, magnesia, ammonia, or carbonate 
of ammonia, hydrochloric acid or oxalic acid ; whereas bicarbonate of 
soda, most other acids and salts, alkaloids and volatile oils (especially 
oil. of mustard, arsenic acid, prussic acid, sulphate of copper, and 
cyanide of silver) do not exert any retarding action. (Bouchardat, 
C 'Join.pt . rend. 20, 110.) 

' It is only the cmulsin of almonds that is capable of decomposing 
amygdalin, not the albumin of other plants. (Wohler k Liebig, 
Kobiquet & Boxitron.) If 1 pt. of the • seed of bitter or sweet 
almonds, poppy, hemp, black mustard, or white mustard, be triturated 
to a milk With 8 pts. water, the liquid precipitated with alcohol, and 
the precipitate washed With othei* and alcolxol, cmulsin is obtained, 
capable of decomposing amygydalin, but in various degrees, and in 
different times. The strongest action is produced by the einulsin of 
bitter almonds. (E* Simon, Pogg . 43, 404.) Active cmulsin may also 
be obtained from the leaves of the cherry -laurel and the bark of 
Primus Padus. (Simon, Ann, Pharm. 31, 263.) 

A mixture of sWeet-almond milk and amygdalin is recommended 
by Wohler & Liebig, instead of bitter-almond water, as ft pharmaceu- 
tical preparation containing a definite proportion of prussic acid. 
(Ann. Pharm. 22, 24, and 23, 329.) Such a mixture is less likely to 
spoil than almond-milk alone. (Iliinle, Pqiert. 07, 337.) 

11. Amygdalin is decomposed by a certain substance in the yolk of 
egg, in the same manner as by emulsiti (Barrcswil, W. J. Pharm. 
17, 118). Diastase, which has not been heated, forms bittern almond 
oil from amygdalin in a few days ; a mixture of yeast , sugar-water 
and amygdalin, kept for some months, emits a strong odour of prussic 
acid. (Uobiquot & Boutron.) Amygdalin is not decomposed by yeast 
(ScblosHbcrger, Am. Pharm. 51 , 211 ), but in contact with yeast, 
bicarbonate of soda, and a large quantity of water at 17°, it emits the 
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odour of bitter-almond oil, and is completely decomposed, with forma- 
tion of formic acid, ammonia., and crystals soluble in alcohol and 
ether. (Ranke, J.pr. Chcm. 50, 16.) 

Amygdalin is not decomposed by calf's rennet (Wohler & Liebig), 
by the secretion of the pancreas (0. Schmidt, Ann. Pharm . 92, 35), or 
by saliva (provided it does not not act as a poison). — Ranke (J. pr . 
Chem. 56, 16) after injecting 5 grammes of amygdalin, together with 
milk, into the stomach of a rabbit, found tliat the acid urine contained 
formic acid. 

Combinations . With Water . — Amygdalin, when dry, greedily ab- 
sorbs from 2 to 8 ^ p. c. water. (W bhler & Liebig.) 

A. Quadra-hydrated Amygdalin. — Amygdalin crystallised by drying 
over oil of vitriol, or by separation from alcohol of 80 p. a, contains 
4 at. water. Colourless nacreous scales. (Wohler & Liebig.) 

B. Sex-hydrated (crystallised) Amygdalin. — Separates from the aqueous 

solution in transparent prisms, which, when left over oil of vitriol, 
give off 3*52 p. c. water (2 at. HO = 3*52 p. c.), and become less 
transparent; at 120°, they give off 10*57 p. c. water (6 at. = 10*56 
p. c.), being thereby converted into anhydrous amygdalin. (Wohler & 
Liebig.) Colourless right prismatic crystals having the character of 
Figure 55. «:w=127° O'; «:J=118° 39'; i : l = 96° 13'. A 

second horizontal prism (corresponding to u of figure 53), as well two 
octahedrons could not be measured on account of the strong curvature 
of their faces. Cleavage very perfect parallel to i, but imperfect in 
the direction perpendicular thereto (parallel to j5, Fig. 53). Lustre 
vitreous, pearly on i. The crystals, which are 10 mms. long, are united 
into bundles by the faces i (Keferstein, Fogg. 99, 293). — Lsevo-rota- 
tory; for amygdalin ( ? quadro-hydrated), dried at 45° over lime, 
[a]r = — 35*51°. (Bouchardat, Compt . rend. 19, 1174.) 


40 C 

Over oil of Vitriol. 
240 .... 

46-96 . 

0. Schmidt. 
46-69 

N 

14 .... 

2*74 .. 

2*57 

33 H 

33 .... 

6-46 .. 

6*65 

28 O 

224 .... 

43*84 .. 

44*09 

C^NH^O 22 + 6aq. 

511 .... 100*00 .. 

100-00 


Amygdalin is easily soluble in water. The solution does not pre- 
cipitate any metallic salt. 

It is nearly insoluble in cold alcohol , but dissolves very easily in 
boiling alcohol ; the solution in alcohol of 94 to 95 p. c, still retains 
rfo- i 11 solution after cooling. 

Amygdalin crystallised from absolute alcohol appears to bold 
alcohol in combination, which is not easily removed by heating. 
(Wohler & Liebig.) — Anhydrous and quadro-hydrated amygdalin dis- 
solve but sparingly even in hot alcohol ; but the solution obtained by 
dissolving sex-hydrated amygdalin in absolute alcohol may be evapo- 
rated to a syrup without yielding crystals, which, in fact, do not form 
till it has been left for some days in a warm place. (Winckler, Rep art. 
65, 5.) 

Amygdalin is insoluble in ether. 
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Amygdalic Acid. 

Wohler & Liebig. Ann . Pham. 22, 11. 

Formation , p. 426. 

Amygdaliii is dissolved in baryta- water, tlic solution is boiled for 
a quarter of an hour, or as long' as it continues to evolve ammonia ; 
carbonic acid is tlien passed through the hot liquid, and the carbonate 
of baryta is separated by filtration. From the resulting’ aqueous 
solution of amygdalate of baryta, ' aqueous amygdalic acid is obtained, by 
carefully precipitating with dilute sulphuric ' acid, and removing the 
sulphate of baryta, as a slightly acid liquid, which dries up to a gum 
when evaporated over the water-bath. The concentrated aqueous 
solution left for some time in a warm place, yields traces of crystals 
(Wohler & Liebig). — Lmvo-rotatory ; for the acid dried at 60° for 
several days [a] r = — 40T9°. (Bouohardat, CompU rend . 19, 1174.) 

It is not altered by boiling with peroxide of manganese ; but on sub- 
sequent addition of dilute sulphuric acid, it gives off carbonic acid, 
formic acid, and bitter-almond oil. — When amygdalate of baryta is 
precipitated with sulphate of silver , sulphate of baryta is precipitated 
having a brown colour, which becomes darker on heating, from separa- 
tion of metallic silver. At tlic same time an odour like that of formic 
acid, becomes apparent. 

Amygdalic acid deliquesces in moist air, and dissolves to a syrup in 
a small quantity of water. 

The amygdalates arc gummy and uncrystallisable. (Wohler & 
Liebig.) The rotatory power of the acid is not altered by neutrali- 
sation with baryta or ammonia. (Bouohardat.) 

Amygdalate of Baryta . — * Preparation sec above. — Bemains, when its 
aqueous solution is evaporated, in the form of a gum, which gives off 
water at 140°, becomes white and like porcelain at a higher tempera- 
ture, which may be raised as high as 190°, and is then easily rubbed 
to a fine powder, which greedily absorbs from 4 to 7 p. c. water, on 
exposure to the air. 


40 C 

at Id 0*. 

... 240*0 .. 

.. 44'Dl 

Wohler & Liebig. 
mean. 

44*35 

26 H 

... 26-0 .. 

4-86 


24 O 

... 192-0 .. 

.. 35-92 

36*44 

BaO 

76*5 .. 

14*31 

14*18 

BaO . 

... 534*5 

... 100*00 

100*00 


So, according to Wohler & Liebig; Gerhardt ( Trait e 3, 201) writes the formula 
C^H^BaQ^HO. 


Amygdalate of Lime . — Obtained by neutralising the acid with 
milk of lime, and filtering through charcoal (to remove the excess of 
lime ? ). Lsevo-rotaiory ; fair = — 41*24° (Bouchardat, Compt, rend , 
J 9, 1174). 
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Amygdalate of Zinc.— By double decomposition of the Iiine-sa.lt wiili 
sulphate of zinc, and removal of the sulphate of lime with alcohol. 
Gummy mass, having' a molecular rotatory power, [a]r = - dO‘48' 1 
(Bouchardat), 

Amygdalate of Lead. — From aqueous amygdalatos, ammoniaoal sugar 
of lead throws clown a white precipitate, which gradually dissolve's 
during washing*. (Wohler & Liebig'.) 

Amygdalic acid dissolves sparingly in aqueous alcohol, but is 
insoluble in absolute alcohol, whether cold or boiling, also in ether. 
(Wohler & Liebig.) 


Amygdalate of Ethyl. 

Wohler. Am. Phann GG, 240; f. pr. Chen. 44, 382; Pham. Cento . 

1848, 840. 

Amygdalic ether, AmygdaUnsdurevinester. When hydrochloric ftoill g’US 
is passed into a pasty mixture of amygdaliit and alcohol, the nmygchdm 
dissolves, and does not separate on cooling. The faintly brown 
liquid, after a few days, deposits sal-ammoniac, a further quantity of 
which is precipitated on addition of ether. On mixing the liquid with 
a considerable quantity of ether, an acid aqueous solution of sal- 
ammoniac falls to the bottom, and above it there floats an ethereal 
liquid which leaves a light-brown syrup when evaporated, This syrup 
is heavier than water, and not miscible therewith, but dissolves with 
decomposition in warm water. 


Salicin. 

enw 4 = (J i 4 ii 8 o 4 ,c i 3 n io o i() . 


Leroux. J. CUm.med . 6,341; Sckw. 59, 356; Ann. Chim. Phys. 43, 
440. 

Braconnot. Ann. Chim . PJiys. 44, 29G ; Fogg. 20, 47 ; N. Tr. 23, 2, 
261; Br. Arch, 36, 226; Bepert. 36, 280. — J. Chim. mkl 7, 17: 
Pogg. 20, 621. 

Pelouze & Gat-Lussac. Ann. Chim. Phys. 44, 220; Ann. Phann. 1, 
43; Ann. Chim. Phys. 48, 111. 

Piria. 1. Compt. rend. 6, 388; J. pr. Chem. 13, 500. --2. Compt. rend. 
6, 620; J. pr. Chem. 14, 285.-3. Compt . rend. 7, 935; J. pr. 
Chem. 16, 412 ; Ami. Pharm.2 9, 300. 1 to 3, in detail; Ann . Phann. 
30, 151; J. pr. Chem. 17, 241; Ann. Chim. Phys. 69, 281. — 
4. Compt rend. 17, 16b ; J . pr. Chem. 30, 249 ; in detail : Ann. Phann. 
56, 49 ; J .pr. Chem. 36, 321 ; W. Ann. Chim. Phys. 14, 257 and 272. 
— 5. Ann. Phann. 96, 375 ; N. Ann. Chim.' Phys. 44, 336. 
Bouchaebat. Compt. rend. 181, 299; J.pr. Chem. 32, 89. — Compt 
rmd, 19, 602 ; 20, 110 ; 20, 1635. £ 

Gerhardt. N. Am. Chim . Phys. 7, 215 ; Ann. Pham. 45, 19. 
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Discovered by Leroux in 1830, after a previous attempt by Buchner (Repert. 29, 
417 ; 34, 107) to isolate the bitter principle of willow bark. Keller ( llepert . 30, 268) 
and Peschier {J. C/dm. m&d. 6, 651 ; Sclav. 61, 208) ascribed basic properties to 
salicin ; Buchner & Herberger ( Repert . 37, 58) regarded it as a salt ; their errors were 
pointed out by Duflos, Kopff, Braooimot, and others. — Chiefly investigated by Piria. 

Occurrence . In many species of willow, but not in all; most 
abundantly (to the amount of 3 to 4 p. c.) in the bark of Salic Helix , 
8. pentandra and S. prcecox, but likewise in the leaves, female flowers 
and young twigs. The bark of young willow and poplar branches 
contains more salicin than that of the older branches, and a smaller 
proportion of substances which impede its purification; the leaves 
contain a smaller quantity, and when they turn red in the autumn, 
none at all (Herberger). The strong bitter taste of willow bark is duo 
to salicin ; sweet tasting willow barks, like that of Salix phylicifolia 
(and, according to Duflos, those which are not roddened by oil of 
vitriol) contain none. — In Salix alba (Peschier, Leroux), not according* 
to Braconnot; in S. amygdal'ma (Herberger ; Leroy, J. Gkini, me'd. 14, 87 ; 
Braeonnot), not according to Dufies ; not in S. argmtea (Duflos) ; not 
in 8. babyhniea (Herberger), S. bicolor , 8. caprwa , 8. dapimdides , but in 
S.Jissa (Braconnot) ; in 8. conifem and 8. Jragilis (Herberger, Lasch) ; 
not in the latter, according to Braconnot; in 8. ha, data (Peschier, 
Lasch), 8. Helix (Leroux, Braconnot; Gruber, Oesterr. med. Jalirb. 11, 
316 ; Pr. Esenbeck & Becker, Ann. Pharm. 4, 33) ; 8. inmna (Peschier, 
Buchner), not according to Braconnot; 8 . lambertiana (Lasch); 
8. mollmima and 8. nigra (Herberger) ; 8. pentandra (Herberger, 
Lasch; Erdmann, Bert Jalirb. 33, 1, 136); 8. prccox (Peschier, Her- 
horger, Lasch); 8. purpurea (Lasch, Herberger; Plcischl, Zeitsehr. 
Ffojs. Math. 3, 522); in 8. reticulata, 8. retusa and 8. rubra (Herberger) ; 
iu 8. Rimclliana according to Duflos, not according to Braconnot; 
not in 8. triandm (Braconnot) ; in 8. viminalis , according to Herberger 
& Hopff ; not, according to Braconnot ; in S. vilellim according to 
Buchner, Herberger & Lasch (JST. Hr. Arch 2, 78), not, according 
to Duflos and Braconnot. — In the bark and leaves of various species of 
poplar* In Populus alba (Braconnot ; Tischhauser, Bert Jalirb . 34, 2, 
126; Herberger) ; not in P. angnlosa or P. balsamifera (Braconnot); it 
exists in the latter, according to Herberger and Wittstein {Pharm, 
Viertefyahr . 6, 47) ; in P . canescms (Ilerberger), P. gmea and 
P. tremula (Herberger, Braconnot) ; in P. dilatata , P, nigra , P. tr emu- 
hides (Herberger, Jalirb , pr. Pharm. 1, 157); not, according to 
Braconnot ; also not in P. fadigiata , P. grandiculata, P: monilfera or 
P. virginica (Braconnot). — The herbaceous spine as mentioned at 
page 285, vol. xii, contain salicin, inasmuch as when distilled with 
water they yield salicylous acid (Wicke, Ann. Pharm . 88, 175). The 
flower-buds of Spima nlmaria yield a small quantity of salicylous acid 
when distilled with water, more after the addition of bichromate of 
potash, the acid being doubtless formed by decomposition of salicin 
(Buchner, N. Report. 2, 1 ; Ann. Pharm , 88, 284). — (Jastormm canadmse 
contains salicin (Wohler, Ann. Pharm, 67, 860). 

Formation, By boiling populin with baryta- or lime-water, or, 
together with benzoic acid, by heating populin with alcoholic ammonia. 
If the benzoic acid be precipitated by ferric chloride, the excess of iron 
removed by milk of lime, and the lime with carbonic acid, the 
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concentrated filtrate yields crystals of salicin (Piria, Ann. Fhcmn . 
96, 375). 


Preparation > Prom willow or poplar baric ; according; to Ilerberger, 
it cannot be obtained pure from poplar bark, and is therefore better 
prepared from willow bark, although the latter contains less of it. When 
poplar bark is used, populin may crystallise out, cither before or 
together with the salicin (see below). 

1. Six pounds of the dry chopped bark are boiled with water ; the 
liquid is strained, concentrated down to IS pounds, mixed while still 
hot with 2 pounds of levigated oxide of lead, and digested for 24 hours. 
The liquid is strained, the residue thoroughly washed, and the filtrate 
evaporated to a syrup and left to crystallise. An additional quantity 
of salicin is obtained from the mother-liquors after they have again 
been treated with oxide of lead, and the entire product is purified by 
repeated crystallisation (Duflos, Schw. 67, 25). — 2. The aqueous decoc- 
tion of the bark is precipitated with basic acetate of lead ; the filtrate 
is boiled with chalk, till the excess of the basic acetate is decomposed, 
and the liquid becomes clear and colourless ; it is then evaporated to an 
extract ; this is exhausted with alcohol of 34°, and the solution is left to 
crystallise (Peschier, Ann. Chim. Pliys. 44, 418). — 3. Sixteen parts of 
bark are macerated with 2 pts. lime and with water for 24 hours ; the 
mixture is boiled for half an hour, and strained ; the residue is treated 
in like manner with the same quantity of lime as before ; and the whole 
of the liquids are decanted from the sediment, concentrated, then 
mixed with 6 to 8 pts. of bone-black, and evaporated to complete dry- 
ness. The residue, after being pnlverised, is exhausted at a gentle heat 
with alcohol of 82 per cent., and the alcohol is distilled oS from the 
tinctures : the salicin then crystallises from the residue in pale yellow 
granules, which are purified by recrystallisation, with help of animal 
charcoal (Erdmann, Berl. Jahrb . 33, 1, 136). — 4. A layer of recently 
ignited charcoal powder is placed at the bottom of a Real’s press ; above 
it, a moist mixture of coarsely pulverised willow-bark and slaked lime, 
and the bark is exhausted with alcohol of 80 per cent., which is finally 
displaced by pouring' water upon the mass. The pale yellow liquid, 
freed from alcohol by distillation, yields, on evaporation, crystals which 
are obtained pure by washing with cold water (Fx\ Noes v. Esenbeok, 
Br . Arch. 35, 223). 

Less simple modes of preparation are described by Leroux {Schw. 59, 356), Her- 
berger (Repert. 55, 215), Hopff {Br. Arch. 37, 217), Tisehliauser {Ann. Pharm. 
7, 280), Tyson & Fischer {J. Pharm . 18, 170). See above. 

# Properties. Rectangular laminrn with well developed terminal sum- 
mits (Biot & Pasteur). Tabular or broad prismatic crystals of the 
rhombic or right prismatic system, mostly appearing in the form of 
white shining scales, needles or laminae. Fig. 68 without the p~ and ?/- 
faces, t : u = 110° 24' ; u : u = 139 0 12' ; u : u over t = 40° 48' ; t : i == 
111° 51'; i : i = 136° 18'. Cleavage at right angles to the prismatic 
faces tt, probably also parallel to the face t 9 which has a strong pearly 
lustre; the other faces have a pearly, vitreous lustre (Schabus, Beslim - 
mung. 86). — Pleischl (Zeitschr. Phi/s . Math. 3, 322) describes crystals 
of the right prismatic system J inch long, and a line in thickness. 
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(Fig. 61), U:u — 109° 55' and 70° 5'. Cleavage parallel to p and u. 
This cleavage and the angles of the prism do not accord with the 
determinations of Schabus. 

From the solution of salicin in warm water acidulated with sul- 
phuric acid, thick, short, transparent, four-sided prisms are obtained 
which grate between the teeth, and are as bitter as before this treat- 
ment (Braconnot). They have the same composition as ordinary 
. salicin, and exhibit similar chemical reactions, but cannot be obtained 
from every land of salicin. 

Salicin melts at 100° without loss of weight, and solidifies in the 
crystalline form on cooling (Piria). Melts at 198° (0. Schmidt, 
Dessert Gott. 1861, 19). Has a very bitter taste, like that of the 
willow. Inodorous, permanent in the air, neutral (Leroux, . Gay- 
Lussac & Pelouze). Not poisonous ; produces unpleasant symptoms 
only when taken in doses of an ounce daily (Ranke). Sp. gr. 1*426 to 
1*434 at 16° (Piria). Lse vo-rotatory, [a]r = — • 71*7° to 73*4° 
(Eouchardat Compt rend , 18, 298). 




J. Gay-Lussac 

Otto & 

Marchand. 

Piria. 



& Pelouze. 

Erdmann. 

mean. 

mean. 

26 C 

156 

.... 54*54 .... 54*02 .... 

.... 54*51 ... 

54*55 ... 

. 54*43 

18 H 

... 18 

.... 6*29 .... 6*38 .... 

.... 6*39 ... 

6*32 ... 

. 6*38 

14 O 

.. 112 

.... 39*17 .... 39*60 .... 

.... 39*10 ... 

39*13 ... 

. 39*19 

Q26H18QU 

.. 286 

.... 100*00 .... 100*00 .... 

.... 100*00 ... 

100*00 ... 

„ 100*00 


Piria’s silicin, which was obtained from populin, agreed in specific gravity,- solubility 
(Piria), and molecular-rotatory power (Biot & Pasteur, Compt. rend. 34, 607) with 
willow salicin. — Earlier formulae (and analyses) of salicin, C a H 5 0 4 (J. Gay-Lussac & 
Pelouze, Ann. Pharm. 1, 43 ; Ann. Chim. Phys. 48, 111) ; C^HW 9 * (Piria; Erd- 
mann & Marchand, 7. pr. Chem . 15, 302 ; Otto, Ann. Pharm. 29, 294 ; Otto & 
Erdmunn, J. pr. Chem. 17, 305 ; Marchand, 7. pr. Chem. 17, 306 ; Mulder, 7. pr. 
Chem. 17, 299); C^H^O 22 (Liebig, Ann. Pharm. 30, 185); C^H^O 16 (Marchand, 
7. pr. Ckem. 26, 392). Piria established the true formula by examination of the 
products of decomposition. See also Berzelius ( Jahresber , 23, 496; 24, 525), Ger- 
hardt (iV. Ann . Chim. Phys. 7, 215), Marchand (7. pr. Chem. 30, 251). 

Decompositions . 1. Salicin kept for some time in the melted state, 

acquires a brown colour, and a resinous friable consistence (J. Gay- 
Lussac k Pelouze). At a stronger heat it swells up, chars with 
smoke (Hopff), and yields by dry distillation an acid watery liquid, 
and a large quantity of brown oil, soluble in potash-ley, but free from 
benzoic acid (Braconnot). When salicin is heated to 260°, water and 
salicylous acid arc given off, together with acid vapours having an odour 
of caramel, and there remains a yellow residue insoluble in water, 
which turns brown and ultimately chars (Gerhardt). By dry distillation a 
heavy yellow oil is obtained which boils above 250°, contains more carbon than anlicy- 
lous acid (72*60 C. and 6*84 H.), and when treated with potash-ley, yields salicylous add 
(Marchand)), — 2, By the current of a Bunsen’s battery of 400 pairs 
salicin is resolved into glucose and saligcnin which latter is then con- 
verted into salicylous and ultimately into salicylic acid. A brown sub- 
stance is formed at the same time (Tichanowitsch, Petersb. Acad. Bull . 
4, 80; abstr. Chem. Centr . 1861, 613). — 3. Salicin is not altered by 
ozone, (Gorup-Besanez, Ann. Pharm. 110, 106.) 

4. Peroxide of lead boiled with aqueous salicin gradually turns brown 
and dissolves in the form of formate of lead and a compound of salicin 
with lead-oxide. Sulphuric acid added to the filtrate throws down a 

VOL. XV, 2 V 
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mixture of sulphate of lead aad rutilin (Stenhouse Phil. Mag . J. 19, 
39; J.pr. Chem. 26, 138). — When salicin is heated with peroxide of 
lead , peroxide of manganese , or bichromate of potash , and sulphuric acid , 
formic and carbonic acids are produced, in tho last case also salicylous 
acid (Piria). When more than 3 pts. oil of vitriol arc used to 4 pts. of 
bichromate of potash, saliretin is obtained instead of salicylous acid 
(Piria). — Dobereiner (Ann. Pharm. 3, 146) obtained a large quantity 
of formic acid from salicin by the action of manganese and sulphuric 
acid. See also xii, 236 . — Salicin reduces permanganate of potash (Duties, 
i?ck 61, 214). 

5. In chlorine-gas salicin changes to a red, resinous, turpentine-like 
mass, while a large quantity of hydrochloric acid is given off. — When 
chlorine-gas is passed into a mixture of salicin and water, chloro- and 
bichloro-salicin are successively produced (Piria). Formerly Piria likewise 
obtained a product which he subsequently regarded as a mixture of bi- and per-chlorosalicin, 

— If the mixture be heated to 60° during the passage of the chlorine, a 
red oil is separated, probably bichlorosaliretin, resulting from the de- 
composition of bichlorosalicin by hydrochloric acid (Piria), Bromine 
and iodine likewise act upon salicin, with evolution of heat, and 
form resinons bodies similar to those which they produce from 
phlorizin (De Koninck). — When salicin is distilled with chloride of lime 
and water, chloropicrin (xi. 216) is obtained, but no chloranil (Stenhouse, 
Ann. Pharm . 55, 4 ; 66, 247). Aqueous chloride of lime docs not form 
a yellow precipitate with salicin. — When soda-ley is poured upon 
salicin, and iodine or bromine added till coloration is produced, and the 
liquid evaporated in vacuo, salicylous acid is produced, but no salicylic 
acid. (Lefort, Gompt. rend. 23, 229.) 

6. Salicin immersed in cold oil of vitriol forms a fine purple-red solu- 
tion, from which water throws down a dark-red powder, Braconnot’s 
rutilin (Braconnot). The solution formed at 10° is decolorised by 
water; that produced at 30° is not; both solutions contain olivin, 
rutilin, and rufisulphuric acid (Mulder). With oil of vitriol, salicin 
yields rutilin and glucose (or products of its decomposition). (Piria.) 
Aqueous salicin is also reddened by oil of vitriol (Duflos, Schw. 67, 25). 

When salicin is added to oil of vitriol, there is formed, as it dis- 
solves, a bright red liquid, which loses its colour and deposits a red 
powder, if the oil of vitriol is allowed to absorb water from the air, but 
remains coloured if the oil of vitriol is diluted by addition of water, — 
also after neutralisation with alkalis. If the solution he diluted with 
its own weight of water and neutralised with pulverised carbonate of 
potash, sulphate of potash is precipitated mixed with rutilin ; the latter 
when isolated by washing with water, has a yellowish liver-red 
colour, is tasteless, and insoluble in water, alcohol, and glacial acetic 
acid, even at the boiling heat. It is turned violet-red by alkalis, with- 
out dissolving, brighter red by acids, and dries up to a black-brown 
powder which yields picric acid with nitric acid, and leaves a large 
quantity of charcoal when heated. This formation of rutilin (likewise 
produced from populin) is attended with complete decomposition of the 
salicin. (Braconnot, J. Ckirn . med. 17, 17; Pogg. 20, 621.) 

a, Mulder’s Olivin. — When 2 or 3 grammes of salicin are immersed 
in oil of vitriol at 15°, and the product is washed with water and dried 
at 130°, an olive-green crystalline product is obtained, containing on 
the average 68*67 p. c. 0., 4*81 H., and 26*52 0., and answering, accord- 
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in g to Mulder, to tile formula C 14 H 6 0 4 . No other product appears to 
be formed (therefore perhaps salicin minus 7 at* water = C^H^O 7 . — Kr.). — This 
olivin, when heated, gives off the odour of salicylous acid, and after- 
wards empyreumatic products. It is insoluble in boiling hydrochloric 
and dilute sulphuric acids, but dissolves, with violet colour, in warm oil 
of vitriol. When heated with nitric acid, it is first dissolved with red 
colour, and then decomposed. Insoluble in water, boiling potash-ley, 
alcohol, and ether. (Mulder.) 

1, Mulder’s Rutilin ( containing Sulphuric Acid). — When larger quan- 
tities of salicin are introduced into oil of vitriol, part of it cakes 
together to a brown mass, enclosing . still unaltered salicin. If this 
mass be freed by decantation from the greater part of the oil of vitriol, 
then shaken up with absolute alcohol, pulverised, and washed with 
water and alcohol, rutilin remains behind ; it might also be separated 
by agitating with absolute ether the mass which remains after 
decanting the oil of vitriol, removing the upper mill?:- white layer of 
liquid, and precipitating the lower violet-blue liquid with absolute 
alcohol. This rutilin, according to the temperature at which it has 
been prepared, appears, either as a violet translucent jelly, which dries 
up to a violet powder or (at a higher temperature, between 30° and 
70°) as a hard brown powder. It dissolves with red colour in oil of 
vitriol, also in nitric acid, and is decomposed when heated therewith. 
After drying, it is insoluble in boiling potash-ley, but is taken up by it 
in presence of excess of sulphuric acid, and then separates on evapora- 
tion. It is insoluble in water, alcohol and ether. The products formed 
at 40°, 55°, and 70° respectively, and dried at 130°, differ from one 
another in composition. (Mulder.) 



at 40°. 

at 55°. 

at 70°. 

c 

65*28 ... 

..... 59*42 ... 

..... 64*48 
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4*65 ... 

4*05 ... 
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14-33 ... 

14*73 ... 
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Mulder regards these substances as compounds of a radical C 14 H fi , with variable 
quantities of oxygen and sulphuric acid. See his formulae (/. pr. Chem. 18, 364). 

c. Mulder’s Bufisulphuric acid . — Contained in the red sulphuric acid 
solutions, produced by the action of oil of vitriol on salicin, and 
obtained in the form of a lime-salt, by diluting the sulphuric acid 
solution with water, neutralising with chalk, and evaporating the red 
filtrate. If the solutions, when evaporated, deposit rutilin in brown 
flocks, and becomes acid at the same time, the flocks of rutilin must 
be removed, the liquid again neutralised with chalk, evaporated, and 
so on as long as the solution continues to turn acid. The unaltered 
salicin may he removed from the residue by alcohol. The lime-salt (a) 
forms a chesnut-brown powder, which dissolves in a small quantity of 
water, but is insoluble in alcohol. In oil of vitriol it dissolves with red 
colour, which disappears on addition of water ; in dilute acids without 
coloration. Another lime-salt (b) is obtained in the form of a jelly, by 
neutralising the sulphuric acid solution with chalk, and precipitating 
With alcohol. On dissolving, this jelly in water and evaporating, 
sulphate of lime separates out, while the salt a remains in. solution. 
At 130°, the lime-salt a contains 22*48 p. c. SO 8 , 8*06 CaO,, 4*18 EL, 
and about 40 0. ; and & contains 32*37 p.c. SO®, 10*44 OaO, 3*3QBL, and 

2 F 2 
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33*3 C. Mulder estimates the carbon at a higher amount, supposing that carbonate 
of lime remained behind in the combustion. He regards the salts as compounds of 
sulphuric acid, water and lime, with a body C 8 * * * * * 14 H70 r \ said also to be produced under 
similar circumstances from phlorizin. (Mulder, J, pr. Ohem. IB, 356.) 

Salicin boiled with dilute sulphuric (or hydrochloric) add is resolved 
into saliretin (xii, 231) and glucose. If the liquid be heated only till 
it begins to show turbidity (at 80°), and then cooled, the solution will 
be found to contain saligcnin, which is therefore produced before 
the saliretin, but is converted into the latter before all tiro salicin 
is decomposed. (Piria.) 

Formation of saligenin: C 25 H 18 0 14 + 2110 = C w IPO + C ia H la O la .— 
The transformation ties place even when the air is excluded. (Piria.) 
The complete decomposition is difficult, so that variable quantities of 
glucose are produced (Roser, Ann. Pharm. 74, 184) t L- 0 - pt. of hydro- 
chloric acid mixed with aqueous salicin does not alter its rotatory 
power at 10° in 48 hours (Bourchadat, Gompt. rend. 18, 208). When 
the solution in dilute hydrochloric acid, which is easily formed, 
is evaporated on a glass plate, unaltered salicin remains, but hot 
hydrochloric acid acts in the same manner as boiling dilute sulphuric 
acid. (Braconnot). — When hydrochloric acid gas is passed into alco- 
holic salicin, a splendid purple-red liquid is formed, from which water 
precipitates saliretin. (Roser.) 

7. When small quantities of hydrochloric acid are added to a solu- 
tion of salicin and chlorate of potash in boiling water, the mixture 
acquires a deep orange-yellow colour, gives off, with brisk effervescence, 
the products of the decomposition of chloric acid, together with a 
large quantity of carbonic acid, and becomes covered with crystals of 
chloranil, see xi, 196 (A. W, Hofmann, Ann. Pharm . 52, 64). A peculiar 
oil is formed at the same time. (Stadeler, Ann. PUarm. 69, 327), 
Aqueous iodic acid at 110° oxidises only | of the carbon of salicin, 
unless it is employed in large excess (Millon, Gompt. rend. 19, 271 ; 
N. Ann . Ckim. Phys. 13, 37.) 

8. Cold concentrated nitric add dissolves salicin more abundantly 
than water, hut does not decompose it; in fact on saturating the liquid 

(immediately ? Kr.), the salicin is recovered with all its properties. 

(Braconnot). — By the prolonged action of nitric acid on salicin, there 

are produced, according to the temperature and strength of the acid, 

helicoidin, helicin, anilotic or nitrosalicylic acid, and lastly, if the 

salicin is heated with excess of nitric acid, the products are picric 

acid and oxalic acid. 

a. When nitric acid of 20° Bm. is poured upon salicin at the tem- 
perature of the air, and left to stand in an open vessel, the solution 
which is yellow at first, deposits crystals of helicin 

C26H 1S 0 14 + 20 = C 2G H 16 * 0 14 + 2HO. 

bometimes helicoidin is obtained instead of helicin, especially if the 
nitnc acid, has a specific gravity of about 12° Bm. No gas*is evolved in 
the reaction (except hyponitric acid), bnt by the further action of the 
(Piria ) Cld 0n previousl;5r formed heliein, salicylous acid is also produced. 

h. The same mixture set aside in a closed vessel, so that the 
hypomtncacid cannot escape, slowly deposits between 10° and 15° , 
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crystals of anilotic or nitrosalicylic acid (xii, 305) the quantity of which 
continually increases after a week, whilst little or no more heliein is 
produced. 

C 26 H 18 0 14 + 40 f NO 5 , HO - C 14 XH 5 0 6 + C^H 12 0 12 + 2HO. 

Piria regards anilotic and nitrosalicylic acids (the identity of which was assumed at 
vol. xii, p. 305, on the authority of Major) as distinct but isomeric acids, and likewise 
maintains the opinion, against Major, at a later date ( Cimento , 2, 299 ; Ann, Pharm . 
97, 254). On the other hand, Werther (/. j or. Chem. 76, 449), Major and Strecker 
(Ann. Pharm. 105, 299) found that the two acids are identical. 

c. Salicin treated with 8 pts. nitric acid yields picric acid (xi, 211) and 
oxalic acid, (Bracormot.) Mixed with excess of nitric acid diluted with 
10 times its hulk of water, and heated once or twice to the boiling point, 
it turns yellow, gives off red vapours with an odour of salicylous acid, 
and when left at rest, deposits that acid in the form of an oil. On 
again heating the liquid to the boiling point, it becomes clear, and 
after some time, deposits on cooling, needles of nitrosalicylic acid, 
which by longer boiling are converted into picric acid. (Gerhardt.) 

9. In contact with fiuosilicic alcohol (obtained by passing gaseous 
fluoride of silicium to saturation into absolute alcohol kept cool with 
ice), salicin acquires, after some time, a fine crimson colour. (W. Knop, 
/. pr. Chem . 74, 62.) 

10. When a 3 p. c. aqueous solution of osmic acid is poured upon 
salicin, the latter dissolves to a colourless liquid, which even at ordi- 
nary temperatures, and more quickly when heated, becomes yellow* 
brown and black, from separation of osmic oxide, and emits an odour 
of salicylous acid, that of the osmic acid disappearing at the same 
time. On distilling the liquid (with further addition of osmic acid), 
aqueous salicylous acid is obtained, while salicylic and oxalic acids 
remain behind. (Buttlerow.) 

11. Salicin added by small portions to boiling soda4ey dissolves 
with effervescence, and the solution, after the alkali is saturated, 
deposits salirctin. On distilling the solution, after neutralising with 
an acid, salicylous acid passes over, and a residue is left containing 
salicylic acid and a brick-red powder (Bouchardat, Compt. rend 19, 1179; 
see also below).-— When salicin is added by small portions to melting 
hydrate of potash , the mass becomes brown and hot, then swells up, 
gives off hydrogen, and becomes colourless again. The residue con- 
tains salicylate, oxalate, and perhaps also carbonate of potash. If a, 
sufficient excess of potash is not used, the chief products obtained are 
salicylous acid and a brown resin, instead of salicylic acid. — When 
salicin is more strongly heated with potash-hydrate, the mass blackens 
and gives off carbolic acid. (Gerhardt). — Salicin distilled with $ pt, lime, 
yields Stenb onsets salicone, which is a mixture of carbolic and salicylous acids (Ger- 
hardt), while charcoal and carbonate of lime remain behind. 

12. Sulphate and hydrochlorate of ferric oxide colour salicin brown, 
but without forming any precipitate. The liquid when boiled becomes 
colourless and deposits an ochre-yellow precipitate. On evaporating 
the filtrate to dryness, and treating the residue with absolute alcohol, 
ferrous sulphate remains undissolved, and the alcohol yields by 
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evaporation crystals different from salicin (De Koninck, M&twire $ur la 
Phlorizine , 13). ° 

13. When salicin is brought in contact with water and emulsin 
(xii, 233) at a temperature not above 40°, it is completely resolved in 
the_course of 10 or 12 hours, into saligenin and glucose : 

C26H 18 0 14 + 2HO = C w H 8 0 4 + C 12 H 32 0 12 . (Piria.) 

Respecting the sugar thus produced, seepage 348 of this volume. TllC transforma- 
tion is not dependent on the presence of yeast ; it is not prevented by 
prussic acid, cupric sulphate, or cyanide of mercury (Bouchardat, 
Compt. rend. 19, 602), but retarded by addition of 1 pt. caustic soda, 
oil of vitriol, nitric acid or hydrochloric acid to 100 pts. of the salicin, 
and in a less degree, if lime or magnesia he added, instead of the 
substances just mentioned (Boucliardat, Compt. rend. 20, 110). The 
action of emulsin is retarded by the presence of acetic or tannic 
acid (Seelheim). — When tannic acid is added to a mixture of emulsin 
and salicin, the greater part of the salicin is found unaltered at the end 
of 6 weeks, and partly crystallised out. The mother-liquor treated 
with an additional quantity of emulsin, and again set aside, yields, 
after evaporation, another portion of salicin, together with saligenin 
and gallic acid, bnt no saliretin is produced (by the action of the acids on 
the saligenin). (Seelheim, Dissert Gottingen, I860.) — Salicin dissolved in 
water, in contact with yeast and bicarbonate of soda, decomposes in 
the course of three weeks, with formation of saligenin and salicylous 
acid (Banke). — 14. By digestion with saliva , at 38° or 40°, it is de- 
composed in a -few hours in the same manner as by emulsin. The 
quantity of saliva which can be collected in a quarter of an hour is 
capable of decomposing 1 gramme (or more) of salicin (Stadeler, J. pr. 
Chem. 72,' 350; N. J. Pharm. 33, 127). — 15. After the ingestion of 
salicin, salicylous and salicylic acids are found in the urine. (Laveran 
k Mellon, JV. Ann. Chim. Phys. 12, 145). After large doses, unaltered 
salicin is found together with saligenin, and perhaps also carbolic acid 
(Banke, J. pr. Chem. 56, 1); (see Handl. viii, Zoochem. 404). Diastase does 
not act upon salicin at 40° (Stadeler). 

Salicin dissolves in cold water ; more freely and perhaps in all pro- 
portions, in boiling water (Pelouze k J. Gay-Lussac). It dissolves in 
14 pts. water at 17° (Braconnot), in 17*85 pts. at 19*5° (J. Gay- 
Lussac & Pelouze), in 28*57 pts. at common temperatures (Boucliardat), 
in 30*31 pts. at 11*5° (Piria). 

It neither saturates acids nor combines with them. It does not 
undergo any alteration of rotatory power by contact with ammonia 
(Bouchardat), neither does it form a coloured compound (correspond- 
ing' to phlorizin) when exposed to the air in contact witli ammonia 
(Mulder). 

It dissolves in aqueous alkalis more easily than in water. — When a 
solution of salicin in water is mixed with J pt. potash-hydrate and 
evaporated, there remains an uncrystallisable honey from which acids 
separate salicin (Braconnot) : see above. — Salicin docs not neutralise 
time-water when boiled with it. Aqueous salicin does not precipitate 
metallic salts. 

Zvad-compomd of bahein. — Aqueous salicin neither dissolves lead-oxide nor 
precipitates neutral or basic acetate of lead. (Pelouze & Gay-Lussac.) Salicin give# 
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off water when heated with oxide of lead, hut may he recovered unaltered by means of 

hydrosulphuric acid, even after being heated to 142°. (Mulder, J. pr. Chem. 17, 298). 

The compound is obtained by adding basic acetate of lead, drop by 
drop, to a hot concentrated aqueous solution of salicin, till about half 
the salicin is precipitated, and washing the product with de-aerated 
water out of contact with the air. — It is a white, light powder 
resembling starch. Tastes sweetish and bitter. Does not give off 
any water when heated to 200°. It is coloured deep red by oil of 
vitriol, and decomposed by acids, with separation of salicin. It dis- 
solves in potash-ley and in acetic acid. (Piria). 
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When aqueous salicin is mixed with cupric sulphate and excess of 
potash-ley, the precipitate formed at first dissolves to a blue liquid, 
which becomes turbid at a temperature below 100°, and deposits flocks 
which turn green, and after longer boiling, brown. (Lassaigne, 
J. Chim . mod. 181, 417.) 

Salicin does not dissolve in alcohol more freely than in water 
(Braconnot), It dissolves in acetic acid , but is obtained in its original 
state on evaporating the solution to dryness (Braconnot, Hopff). • — 
It is insoluble in- ether. — It dissolves in cold and more abundantly in 
warm creosote (Eeichcnbach). It is not precipitated from its aqueous 
solution by tincture of galls or by gelatin (Pelouze & J. Gay-Lussac). 


Helicin. 

C 26 IP0 U = C u II 6 0 4 ,C l2 II 10 0 10 . 

PmiA. N. Ann . Chim. Phys. 14, 287 ; Ann. Pham . 56, 64 ; J. pr. 
am. 86, 821. 

Formation . I. By treating salicin with nitric acid (p, 436). — 
2, By boiling benzo-holicin with magnesia (Piria, Ann. Pharm. 96, 880). 

Preparation. 1 pt. of pulverised salicin is covered with 10 pis. 
of nitric acid of 20° Bm., and left to stand In an open vessel, with 
occasional stirring, till the yellow solution, smelling of salicylous acid, 
which forms in about 24 hours, has re-solidified to a crystalline pulp, 
from formation of helicin. This pulp is freed from the mother liquor 
by pressure and washing with cold water ; from traces of anilotic acid 
formed at the same time, by washing with ether ; and then crystallised 
from boiling water. 

Properties . Anhydrous helicin, obtained by heating the crystallised 
compound to 100°, melts at about 175° to a transparent liquid, 
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resembling palm-oil in colour and consistence, and solidifies in a crystal- 
line mass on cooling. — Inodorous. Tastes slightly bitter, somewhat 
like salicin. Neutral. 

Decompositions. 1. Helicin, melted for some time over the oil-bath, 
gives off water and salicylous acid, the residue thereby becoming more 
fusible, and ultimately solidifying on cooling, though not immediately, 
to a yellow opaque resin. This resin is nearly insoluble in boiling 
water and in alcohol, still exhibits with potash the reaction of helicin, 
and, when boiled with very dilute hydrocliloric acid, is partially decom- 
posed, with evolution of salicylous acid, the greater part, however, 
reappearing when cold as crystallised helicin. — 2. The solution of 
helicin in nitric acid of 13° or 20° Bm., set aside over-night, is found 
to contain a large quantity of salicylous acid. — 3. Bromine converts 
helicin into bromoheliein. Aqueous and alcoholic helicin are converted 
by chlorine into a- and /3-ehlorohelicin. — 4. Oil of vitriol colours 
helicin orange-yellow, and then dissolves it. — 5. When helicin is 
boiled with very dilute sulphuric or hydrochloric acid , salicylous acid is 
given off and glucose remains in solution. A similar but weaker and 
less complete decomposition is produced by oxalic, citric and tartaric 
acids. — 6. When helicin is heated with potash or soda-ley the solution 
turns yellow from formation of salicylite of potash, and the helicin is 
completely decomposed. Baryta and lime act in a similar manner; 
ammonia and the alkaline carbonates less strongly. —7. By aqueous 
emulsin , helicin is resolved into salicylous acid and glucose. By dis- 
tilling the mixture for some hours, the whole of the salicylous acid is 
obtained which the helicin is capable of yielding, and the solution 
filtered from the coagulated emulsin contains the sugar ; 

C 26 H 16 0 14 + 2HO = C 14 H 6 0 4 + C 12 H 12 0 12 . 

8. A mixture of helicin with yeast which has stood for some hours, 
contains salicylons acid, and gives off gas when shaken. 

Combinations. With Water. — Crystallised Relicin. Slender white 
needles grouped in tufts and radiate masses. Between 100° and 113° 
it gives off, on the average, 4T7 per cent, of water (calc. 4*54 p, c.). 
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Crystallised helicin dissolves in 64 pts. water at 8°, and very easily 
in boiling water. 

It does not unite with bases, but potash and soda increase its 
solubility in water. The aqneons solution has no action on chloride 
of barium, chloride of calcium, zinc-salts , nitrate or acetate of lead, basic 
acetate of lead, sesquichlonde of iron , cupric salts, corrosive sublimate or 
nitrate of silver. 

It is more soluble in alcohol than in water, but insoluble in ether y 
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Helicoidin. 

C fi2 II 34 0 28 = C 14 H 9 0 4 , 0 14 II 6 0 4 ,2C 12 II 10 0 10 . 

Piria. Ann. Pkarm . 56, 60 ; JSf. Ann . Chim. Phys. 14, 292. 

Formed by disolving salicin in nitric acid of 12° B. (therefore also 
instead of helicin when the acid used for the preparation of that substance is too^ weak) 
and crystallises from tlie solution after some days. — Needles similar 
to helicin, which maybe obtained pure by washing with cold water and 
one recrystallisation from boiling water. 


52 C 

Crystals. 
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Helicoidin may he regarded as imperfectly oxidised salicin, hut not as a mixture of 
salicin and helicin, inasmuch as such a mixture would not produce saligenin with 
alkalis. 

Ilelicoidin is converted by emulsin into glucose, salicylous acid and 
saligenin. On distilling it after decomposition, salicylous acid passes 
over, whilst glucose and saligenin crystallise from the concentrated 
residue. — By alkalis and acids, it is decomposed in the same manner 
as by emulsin ; in the latter case, however, saliretin is obtained 
instead of saligenin. In other respects helicoidin behaves like helicin. 


Populin. 

C 40 IFO 16 = C 14 H 5 0 3 ,C w I-r0 3 ,0 w H 10 0 10 . 

IL Bbaconnot. Ann. Chim. Phys. 44, 296; Pogg. 20, 47 ; N. Tr. 23, 
2, 261 ; Br. Arch 36, 226; Schw. 61, 197; Bepert. 36, 280; Bern. 
Jahresber . 11, 286. —J. Chim, med. 7, 21. 

IIeebekgkr. Itepert. 55, 214. 

Be Koninck; Bev. Scient . 1, 332. 

Piria. Gompt. rend . 34, 138 ; JSf. Ann . Chim. Phys. 34, 278 ; Ann. 
Pharm . 81, 245; J. pr . Chen. 55, 321; Pharm. Gentr. 1852, 151; 
CJrni. Soc . Qu. J. 5, 8. — Gimento , 1, 198; abstr. Ann. Pharm . 96, 
375 ; J. pr. Chem . 67, 274 ; N. Ann. Chim . Phys. 44, 366 ; Lieb. 
Kopp. Jahresber . 1855, 688. 

Benzoyl-salicin. — Discovered, in 1831, byBraconnot; investigated especially by 
Piria. 

Occurrence . In the bark and leaves of the aspen, Popuhui tremula 
(Braconnot). Also in the root. (Van de Grhejn.) On a peculiar substance 
from the bark of Populus nigra, see Herberger {Rcpert , 55, 248 j ; on a substance 
from poplar-buds, see p, 444. 
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Preparation. 1. The aqueous decoction of the bark is precipitated 
with basic acetate of lead ; the filtrate is freed from lead by sulphuric 
acid, then concentrated and boiled with animal charcoal ; and the salicin 
is left to crystallise out. The mother-liquor yields with carbonate of 
potash, a white precipitate of populin, which must be rccrystallised 
from boiling water (Braconnot). Herberger, after precipitating with 
basic acetate of lead, removed the lead by passing carbonic acid into 
the liquid, and evaporated the filtrate to a syrup, from which the 
populin crystallised. — From the decoction of the root-bark, populin 
crystallises after concentration (even without precipitation by basic 
acetate of lead). (Van de G-hejn.) — 2. The leaves of the aspen are boiled 
with water ; the decoction is precipitated hot with basic acetate of 
lead ; the populin carried down with the precipitate is dissolved out 
by boiling water; and the filtrate is evaporated to a syrup. The 
crystalline mass which separates is pressed between linen, heated to 
boiling with 60 pts. water and a little animal charcoal, and filtered at 
the boiling heat : the populin crystallises on cooling (Braconnot). 

Properties. Crystallised populin (see below) is rendered anhydrous by 
heating it to 100°. Anhydrous populin melts at 180° to a colourless 
oil, which solidifies in a vitreous mass on cooling (Piria). Tastes 
sweet (Braconnot). Rotatory power, to the left, proportional to the 
quantity of salicin produced by the decomposition of the populin, 
(Biot & Pasteur, Compt. rend. 84, 607.) 

Decompositions. 1. Fused populin heated to 180° gives off pungent 
vapours which cou dense in needles ; at 220° it turns brown, but is 
obtained unaltered after solution in aqueous alcohol (Piria). When 
subjected to dry distillation it swells up and yields empyreumatic 
oil, from which benzoic acid crystallises on cooling (Braconnot). — 
2. It burns with flame and an empyreumatic resinous odour (Braconnot). 
— 3. Heated with sulphuric acid and bichromate of potash it gives off 
large quantities of salicylous acid (Piria). — 4. By solution in nitric 
acid of sp. gr. 1*30, it is converted into benzo-helicin, which crystal- 
lises after standing for some time. The solution at the same time is 
coloured yellow by hyponitric add : 

04ojj22()i6 + 20 = C^H^O 16 + 2HO, 

In this reaction also, the saligenin of the populin is converted into salicylous acid 
(Piria). Weak nitric acid acts upon populin only at the boiling heat, 
salicylous acid being given off from the acid solution; ordinary nitric 
acid acts violently, producing yellowish crystals, probably consisting 
of picric, nitrobenzoic and oxalic acids (Piria). Bracormot obtained nothing 
bnt picric acid; Koninck obtained picric and oxalic acids. — 5. With oil of vitriol 
populin forms a deep red solution whence water throws down a red 
powder (Braconnot’s rutilin, p. 434), which, after the sulphuric acid has 
been removed, dissolves in water with red colour, and is reprecipitated 
by acids (Braconnot). Hot oil of vitriol carbonises populin (Koninck). 

By boiling with dilute acids , populin is resolved into saliretin 
(xii, 231), benzoic acid and glucose : 

C^H^O 16 + 4HO = C 14 H 8 0 4 + C 14 H fi 0 4 + c l2 H 12 0 12 « 

Saliretin. Benzoic 
acid. 
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The saliretin is produced by the further action of the acid on the 
saligenin (xii, 234), which is the first-formed product (Piria). Concen- 
trated phosphoric acid forms saliretin even in the cold (Rraconnot) 
The formation of glucose was first observed by De Koninck. 

6. Populin heated to 100° in a sealed tube with alcoholic am?noma , 
yields salicin, benzamide and benzoic ether. Gaseous ammonia does 
not act on populin at 150° (Piria). — 7. Heated with potash-hydrate , it 
yields oxalate of potash (Braconnot). — 8. Populin boiled with hydrate 
of baryta or of lime, yields a benzoate and salicin : 

C 40 H 22 O 16 + 2HO = C 14 H c 0 4 + C 2G H 18 0 14 . 

100 pts. crystallised populin yielded 28*9 pts. benzoic acid, the calcu- 
lated quantity being 28*64 pts. (Piria). — 9. By prolonged contact 
with water, putrid casein , and carbonate of lime, it is decomposed with 
formation of saligenin, lactate of lime and benzoate of lime (Piria). 

Populin is not altered by chlorine or iodine > or by boiling with phosphorus and 
•water (Braconnot), or by emulsin (Piria). 


Combinations . — With Water, A. Crystallised Populin . — White 
silky, very light needles (Braconnot), resembling starch or magnesia 
(Piria). Interlaced needles, which sometimes become broad, and appear like 
laminse ; but always run out into a needle-shaped summit (Biot & Pasteur). Gives 
off water between 35° and 40°, and tlic rest below 100°, in all 
8*48 p. C. (Piria), 4 at. = 8*45 p.C. De Koninck describes three-sided laminae 
which give off 5*43 p. c. water in drying. 
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B. Aqueous Solution . — Crystallised populin dissolves in about 2,000 
pts. of cold water (Braconnot), in 1896 pts. at 9° (Piria), and in 70 pts. 
boiling water (Braconnot). The cold solution deposits populin on 
being saturated with common salt ; the solution saturated at the boil- 
ing heat deposits it on cooling. 

Populin dissolves easily and without decomposition in cold acids 
not too concentrated, and is precipitated partially by water, completely 
by alkalis (Braconnot, Koninck). According to Koninck, it’ dissolves also in 
aqueous alkalis, and is precipitated by acids. 

Aqueous populin docs not precipitate any metallic salt (Braconnot.) 
It crystallises unaltered from solution in aqueous metallic salts, but 
may be made to combine with oxide of lead , forming a white substance 
insoluble in water. (Koninck.) 

Populin dissolves easily in cold concentrated acetic acid, , and is pre- 
cipitated therefrom partially by water, completely by alkalis. (Bra- 
connot,) It dissolves at 14°— • 15°, in 100 pts. absolute alcohol (Biot & 
Pasteur) ; in boiling alcohol more abundantly than in boiling water, 
scarcely at all in ether. 
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Appendix to Populin. 

Peculiar Body from Poplar-buds. 

W. Hallwachs. Ann. Pharm. 101, 372 ; abstr. J. pr. Chm. 71, 117 ; 

Chem. Centr . 1857, 401. 

The bruised buds of Populus nigra or P. dilatata are boiled with 
water, the liquid strained, concentrated to a third, strongly super- 
saturated with hydrochloric acid, and left to itself for 24 hours. The 
separated yellow-brown mass is washed with cold water, rcciystallised 
by repeated boiling with water, then dissolved in boiling water, and 
precipitated with neutral acetate of lead. The washed lead-salt is 
decomposed by hydrosulphuric acid under water; the solution is 
heated to the boiling point and filtered ; and the laminae, which 
separate on cooling, are purified by recrystallisation from ether or 
from water. 

White laminae with a silky lustre. Tasteless, with a faint odour. 
Melts at 180°. Has a strong acid reaction. — Contains, on the 
average, 62*50 p. c. C», 5*87 H., and 31*63 0. 

Decomposes when heated above 200°, diffusing aromatic vapours. 
— Dissolves in oil of vitriol , with straw-yellow colour, changing to deep 
crimson on addition of a small quantity of nitric acid. — Decomposed 
by heating with dilute hydrochloric acid or baryta-water, with formation 
of sugar. — Nitric acid converts it into picric acid. — Heated with a 
strong solution of chloride of zinc , it assumes a violet-red colour. 

Dissolves at 22° in 1998 pts. of cold water, more easily in boiling 
water. — Easily soluble in aqueous alkalis, also in hot alcohol ; dis- 
solves in 44 pts. ether at 22°. 


Benzo-helicin. 

C 4O H 20 O 16 = C 14 H 5 0 3 , 0 u n 5 0 3 , 0 12 II 10 0 10 . 


Pikia, Ann. Pharm . 81, 246; 96, 379. 

Formation , p. 442. 

When populin is immersed in 10 or 12 pts. nitric acid of sp. gr. 1*30, 
the liquid in a few minutes assumes a yellow colour, takes up all the 
populin, and soon afterwards deposits crystals of benzo-helicin; a 
further quantity may be obtained by diluting the mother-liquor with 
water. Purified by recrystallisation from boiling water. (See below.) 

j Properties. Silky needles grouped in tufts, and not giving off any 
water when heated. 
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40 C 

240 . 

... 61*86 ... 

Piria. 

mean. 

61*80 

20 H 

.... 20 . 

... 5*15 ... 

5*23 

16 0 

... 128 . 

... 32*99 

32*97 

C®H a O' li .... 

388 . 

... 100-00 ... 

100*00 


Related to helicin. (p. 439), in the same manner as populin to salicin. 

Decompositions. 1. The yellow solution of benzohelicin in oil of 
vitriol becomes colourless on dilution with water, and gives off the 
odour of salieylous acid. Salicylous acid is likewise volatilised on boil- 
ing benzohelicin with hydrochloric acid , and the liquid, on cooling, 
yields crystals of benzoic acid. In this reaction the benzohelicin is 
resolved into benzoic acid, salicylous acid, and glucose, according to 
the equation : 

C40H20Q16 + 4HO = CWO 4 + C w H 6 0 4 + C 12 H 12 0 12 . 

2. The solution of benzohelicin in caustic alkalis becomes golden 
yellow on boiling, and on addition of acids, deposits salicylous and ben- 
zoic acids, retaining glucose in solution. — 3. When benzohelicin is 
boiled with magnesia (or other bases which do not act upon helicin) 
benzoate of magnesia and helicin (p. 439) are obtained. It is not 
altered by emulsin. 

Benzohelicin dissolves in boiling water. If the first drops of a 
solution filtered at the boiling heat crystallise on cooling, the crystal- 
lisation extends through the entire mass ; but on again applying heat, 
and leaving the solution to cool slowly and quietly, it does not yield 
crystals, but solidifies to a pulpy jelly. 


Bromhelicin. 

C 26 BrIF0 14 = C u BrIP0 4 ,C 12 H 10 0 10 . 


Piria. N, Ann , dim. Phys. 14, 298; Ann, Pham . 56, 72. 

Prepared hkc chlorhelicin (p. 446), but always obtained in the form 
of a hydrated jelly, which dries up to a dirty white amorphous pow- 
der, giving off 2 at. water at 100°. 



Bydrated. 


Piria. 

26 C 

156 

... 40-94 ... 

41*12 

Br 

...... 80 

... 20*99 ... 

20*71 

17 H 

17 

4*46 .... 

4*57 

16 O 

128 

... 33*61 ... 

33*60 

C 26 BrH 15 O w + 2aq. 

.... 381 

100*00 

100*00 
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Chlorosalicin. 

c 26 cni i ' r o u = c u cin Y o 4 ,c i 2 ir io o 10 . 


Piria. iVi Ann. Chm. Phjs. 14, 275 ; Ann, Pharm . 56, 52 ; J. p\ 

Chem. 36, 321. 

Formation , p. 434. 

Preparation. Chlorine gas is passed through a pulp of 1 pt. finely 
powdered salicin and 4 pts. water, till the whole is dissolved and a 
copious crystalline precipitate is subsequently formed. The separated 
chlorosalicin is pressed between linen, washed with a small quantity 
of cold water, dried between paper, freed from a small quantity of 
adhering resin by agitation with ether, and recrystallised from boiling 
water. 

Properties . Crystallised chlorosalicin is dehydrated by a heat of 
100° to 110°, and melts at a higher temperature to a colourless liquid. 
Inodorous. Tastes bitter, like salicin. 

Decompositions. 1. When heated above its melting point, it gives off 
a large quantity of hydrochloric acid and leaves charcoal. — 2. It dis- 
solves in oil of vitriol, with reddish colour. — 3. By dilute acids it is com- 
pletely resolved into glucose and a yellow resinous precipitate, pro- 
bably chlorosaliretin. — 4. Its aqueous solution is quickly decomposed 
by emulsm into glucose and chlorosaligenin (xii, 293) : 

C 26 C1H 17 0 14 + 2HO = C 14 C1H 7 0 4 + C^O 12 . 

Combinations. — With Water . — • Crystallised Chlorosalicin . Long, 

silky, very light needles, which give off 10T4 p. c. water (calc. 4 at. 
10‘10 p. c.) between 100° and 110°. 


26 C 

Crystals. 

... 156*0 

. 43*76 ... 

Piria. 
mean . 

43*56 

Cl 

... 35*5 

. 9*96 .... 

9*96 

21 H 

... 21*0 

. 5*89 .... 

6*14 

18 O 

... 144*0 ....... 

. 40*39 .... 

40*34 

C 26 C1H 17 0 14 + 4aq. . 

... 356*5 

. 100*00 ... 

1Q0D0 


Chlorosalicin dissolves in water and in alcohol , hut not in ether. 


Chlorheliein. 

C 26 C1H 15 0 W = C 14 ClH 5 O 4 ,C 12 H 10 O 10 . 

Piria. N. Ann . Chm. Phys . 14, 295; Ann. Pharm. 56, 72. 

Obtained in two modifications, known as a- and /3- chlorhelicin. 
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cl- Chlorhelicin, A mixture of water and helicin is shaken up in a 
bottle filled with chlorine gas, as long as the chlorine continues to be 
absorbed and hydrochloric acid formed. The helicin swells up to a 
transparent jelly, which must be pressed between linen, washed with 
cold water, and recrystallised from boiling water. The solution, on 
cooling, either deposits small needles of mono-hydrated a- chlorhelicin, 
or solidifies to an amorphous, pasty jelly, containing more water than 
the needles. 

The needles, heated to between 120° and 130°, are converted into 
anhydrous a-chlorhelicin. — Inodorous. Tastes bitter. 

Between 120° and 130°. Piria. 

26 C 156-0 .... 48*98 49-02 ' 

Cl... 35-5 .... 1M4 11*02 

15 H 15-0 .... 4-72 4-90 

14 O 112-0 .... 35-16 35*06 

C 26 C1H 15 0 14 ... 318*5 .... 100-00 100-00 

a-chorhelicin, when heated, gives off vapour of chlorosalicylous 
acid (xii, 294). The same acid is obtained, together with glucose or 
its products of decomposition, on heating a-chlorhelicin with dilute 
acids , or alkalis , or by treating it with emulsin : 

C 2G C1H 1S 0 14 + 2HO = C I4 C1H 5 0 4 + C 12 H 12 0 12 . 

Crystallised a-chlorhelicin contains 3 p. c. water, which goes off 
when the crystals are heated, the quantity evolved being rather more 
than 1 at. (calc. 2*76 p. c. HO), probably because a small quantity of 
gelatinous a-chlorhelicin is likewise present (Piria). 

Nearly insoluble in cold, easily soluble in hot water and alcohol 

p-ChlorheUdn. When chlorine gas is passed through an alcoholic 
solution of helicin, the liquid becomes hot, and deposits a white starch- 
like powder, an additional quantity of which is obtained on cooling. 
This powder contains, on the average, 48*75 p. c. C., 5*04 H., 
11*46 CL, and 34*16 0., like a-chlorhelicin; but it is insoluble in water, 
nearly insoluble in boiling alcohol, and when treated with acids, alkalis, 
or emulsin, yields neither sugar nor chlorosalicylous acid. 


Bichlorosalicin. 

(J2GC12JPOU _ C 14 C1 2 IP0 4 ,C 12 II 10 0 10 . 

Piria. Ann. Pharm. 56, 55. 

Preparation . Pulverised chlorosalicin is suspended in water, 
and chlorine is passed through it,— or chlorine gas is made to 
act for a considerable time on salicin (suspended in water). The pro- 
duct is purified by washing with ether, and recrystallisation from boil- 
ing water. 

By drying at 100° the crystals are converted into anhydrous 
bichlorosalicin, which, at a stronger heat, melts to a transparent mass, 
solidifying in the vitreous form on cooling. Inodorous. Tastes rather 
bitter. Neutral. 
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Decompositions . 1. Bichlorosalicin, when strongly heated, gives off 

inflammable vapours and leaves charcoal. By dry distillation a heavy 
oil is obtained, together with an acid liquid, which yields chloro- 
salicylons acid when treated with ether. The chlorosalicylous acid 
results from the decomposition of bichlovosaligemn : C W C1 2 II 6 0 4 = 
C U 01II 5 0 4 + ITC1 (Piria). — 2. When Ichlorim gas is passed through 
bichlorosalicin suspended in water; the bichlorosalicin dissolves on 
applying heat to the liquid, and afterwards a red resin is precipitated. 
- The latter is also produced, together with glucose, on heating bichloro- 
salicin with dilute acids, and appears to consist of bichlorosalirotin. — 
3. Bichlorosalicin dissolves without colour in oil of vitriol — 4. After 
being left for some time in contact with aqueous emulsin , it forms 
glucose and bichlorosaligenin (xh, 297), which, however, is produced 
only so long as the liquid is capable of taking it up, and only In small 
quantity on account of its sparing solubility : 

C 26 C1 2 H 16 0 14 + 2HQ = C 14 C1 2 H 6 0 4 + C 12 H 12 0 12 . 

Combinations. With Water. Crystallised Bichlorosalicin. Long, 
snow-white needles, having a silky lustre : they give off at 100°, 
from 4-95 to 5‘04 p. c. water (2 at. = 4*84 HO). 





Piria. 

Crystals. 



mean . 

2 6 C 

... 156 .... 

.... 41*82 ... 

41*65 

2 Cl 

... 71 .... 

19*03 ... 

18*95 

18 H 

... 18 .... 

.... 4*82 ... 

5*10 

16 0 

... 128 .... 

34*33 . . 

34*30 

C 2G C1 2 H 16 0 14 + 2aq. . 

... 373 ... 

100*00 ... 

100*00 


Crystallised bichlorosalicin is nearly insoluble in cold, sparingly 
soluble in boiling water. It dissolves more easily in alkaline water, and 
is precipitated without alteration by acids. The aqueous solution does 
not act on metallic salts , especially not on sesquichloride of iron. 

Soluble in alcohol , nearly insoluble in ether. 


Perchlorosalicin. 

C 28 G1 3 H 15 0 H = C U C1 3 II 6 0 4 ,C 12 II 10 0 10 . 


Piria. N. Ann. Chim. Phys. 14, 281 ; Ann. Pharm . 56, 58. 

Preparation. When chlorine gas is passed into water at 80°, in which 
bichlorosalicin is suspended, pieces of marble being also introduced to 
prevent the decomposing action of the hydrochloric acid produced in 
the reaction, impure perchlorosalicin is precipitated in the form of a 
crystalline powder. This product is washed by agitation with ether, 
and recrystallised from hot aqueous alcohol. 

The small yellowish needles, which might perhaps be obtained 
colourless by repeated crystallisation, become anhydrous at 100°, and 
melt at a stronger heat. Inodorous. Tastes somewhat bitter. 

Decompositions. Perchlorosalicin decomposes at a strong heat, — - 
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With dilute acids it yields a resin, probably perclilorosaliretin. — In 
contact with solution of emulsin under water, it yields, after a while, a 
liquid which colours ferric salts blue, but only a very small quantity of 
perchlorosaligcnin is set free. 


Combinations. With Water. — Crystallised Perchlorosalicin (see above) 
heated to 100° in a current of air gives off 4*48 ]>. c. water 
(2 at. = 4*43 p. c. HO). 

Pina. 

Crystals. mean. 

2G C 15G*0 .... 38*87 .... 38*15 

3 Cl 105*5 .... 25*46 .... 26*00 

17 H 17*0 .... 4*18 .... 4*36 

16 O 128*0 .... 31*49 .... 31*49 

C 2G C1 3 H 15 0 H + 2HO 406*5 .... 100*00 .... 100*00 

Nearly insoluble in cold, and very slightly soluble in boiling water ; 
more soluble in weak spirit. 


Compound of Bichlorosalicin with Perchlorosalicin. 


C 52 01 6 H 31 0 28 = C M Cl 3 H 16 0 u ,C 26 01 3 n i6 0 u . 


Piria. Ann. Chim. Phys. 69, 823 ; N. Ann . Chin. Phys. 14, 283. 

Piria formerly obtained this compound, in an impure state, by pass- 
ing chlorine gas for a long time into water containing salicin in 
suspension, as a yellow, pearly, crystalline mass; he now regards 
it as a mixture of bi- and per-chlorosalicin. 

Piria. 
mean. 

312*0 41*91 42*08 

177*5 23*84 22*97 

31*0 4*16 4*31 

224*0 30*09 30*64 

C 52 CFH 31 0 £s 744*5 100*00 100*00 


52 C 
5 Cl 
31 H 
28 O 


Gallo-tannic or Tannic Acid. 

C M IL 23 0 34 = 3 C 14 1I 4 0 8 , C 12 Il l0 O 10 . 

Deveux. J. Phys . 4.2, 401. 

Seguin. J. des Arts et Mamif. 2, GC, and 3, 71 ; Ann . Chim . 20, 15. 
Barthoedi. Sch tv. J. 8, 294. 

Vauquelin. Ann. Chim. 46,321. 

Karsten. Schw. J. 7, 472. 

Cadet. Ann . Chim. 4, 405 ; N. Tr. 3, 1, 480. 

H. Davy. A. Gehl. 4, 843. 

Serturner. Schw. 4, 410. 

Berzelius. Ann. Chim. 94, 318. — Scher. Ann. 1 , 421; Pogg. 10, 257. 
Lehrbucli , 3 AufL 6 , 218. 

VOL. XV. 2 G 
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Gjgese. Scher. Ann. 1, 459. 

A. Vogel. Tasclienb. 1820, 74. 

0. Gr. Gmelin. Tasclienb. 1820, 100. 

Pelletier & Caventou. Ann. Chim. Phys. 15, 837. 

Pfaff. S elite. 52, 324. 

Geiger. May. Pharm. 25, 1, 99 ; 25, 3, 91. 

Pelouzk .J.Chim. med. 10, 257; Pogg. 38, 29; Ann. Ohm. Phys. 
54, 337 ; Ann. Pharm . 10, 145; J. pr. Cliem. 2, 801- - — Ann. Pharm. 
10, 210; J. pr. Chem. 2, 320. — Ann. Chim . Phys. 5(5, 303. 

Buchner. Bepert. 46, 316. 

Liebig. Ann. Pharm . 10, 172; J. pr. Chm. 2, 321. — Ann. Pharm. 
26, 128, and 162.— 39, 97. 

Guibourt. Per. scient. 13, 32 ; abstr. Ann. Pharm. 48, 859. 

Robiquet. Ann. Chim. Phys. 64, 385; J. Chim. wed. 13, 209; Ann. 

Pharm. 25, 151; J.pr.Chem. 11,481. 

Wackenroder. IV. Br. Arch. 27, 217 and 28, 38. 

Stenxiquse. Phil. Mag. J. 22, 417 ; abstr. Ann. Pharm. 45, 1. — Phil, 
Mag. J. 23, 331. — Proc. Poy. Soc. 11, 401. 

Pit. Buchner. Ann. Pharm. 53, 357. 

Wittstein. Bepert. 95, 289, and 96, 215. — Pharm. Vierteljahr. 2, 72. 
Wetherill. N. J. Pharm . 12, 107 ; J. pr. Chem. 42, 247 ; abstr, 
Pharm. Centr. 1847, 749. 

Mulder. Scheih Onderz. 4, 639 ; abstr. J. pr. Chem. 48, 90. 

Strecker. Ann. Pharm. 81, 248 ; Chem. Soc. Qu. J. 5, 102 ; abstr. 
Pharm. Centr. 1852, 427. — Ann. Pharm. 90, 328 ; abstr. J. pr. Chem. 
62, 434 ; Pharm. Centr. 1854, 753 ; N. Ann. Chim. Phys. 42, 231 ; 
Phil. Mag. [4], 8, 157. 

A. & W. Knop. J. pr. Chem. 56, 327 ; Pharm. Centr. 1852, 417 ; abstr. 
Ann. Pharm . 84, 283. 

E. Kobiquet. N. J. Pharm. 23, 241 ; abstr. Compt rend. 35, 19 ; 

J. pr. Chem. 57, 127. — JSf. J. Pharm . 26, 29 ; J. pr. Cliem. 62, 419. 
W. Knop. Pharm. Centr . 1854, 855 ; 1855, 657 and 737 ; 1856, 513 ; 
1857, 870 ; I860, 278. 

Bocilleder & Kawalier. Wien. Alcad. Per. 29, 28 ; 30, 159 ; J. pr. 
Chem. 74, 28 and 399 ; Chem. Centr. 1858, 579 ; Chem. Gaz. 1858, 
421. 

Tamila, Tanning principle, Gerbstoff, Gerbendes Princip , Pokes toff, Eichengerb- 
mure (Berzelius).' — Recognised as a distinct substance by Deveuxj more exactly by 
Seguin ; first prepared pure or nearly pure by Berzelius ; shown to be a glucoside 
(p. 341) by Streeter. 

Sources. In Turkish gall-nuts (Eandb. vlii, Phytochem. 77), in or- 
dinary oak-apples and Chinese gall-nuts [excrescences formed on (ho 
branches of Pirns semialata or P. Chinensis. (Schenk, A. Bepert. 5, 26 
and 346.)] 

Many other plants and parts of plants contain substances, mostly 
amorphous, which have a slight acid reaction, and a rough, but not 
sour taste, precipitate gelatin and albumin from their solutions, and 
unite with animal membrane into a mass which resists putrefaction, 
namely, leather, the skin then becoming tanned. All these substances, 
the tannic acids, were at first supposed to be identical with gallo-tannic 
acid, or to differ from it only in consequence of the admixture of 
foreign matters. In the third edition of this Handbook, a distinction 
was made between tannin which gave a blue, and tannin which gave 
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a green colour with ferric salts (see below) ; but tins distinction lias lost 
its value since the discovery of a number of distinct tannic acids 
existing in nature. The more exactly investigated bodies of this 
group will be separately treated in an Appendix to Gallo-tannic acid , tlieir 
formulae not being sufficiently well established to enable us to assume 
their exact places in the general system. Moreover, the researches 
hitherto published do not enable us to determine with certainty, which 
of these acids may correspond to gallic or to ellagic acid (that is to 
say to the products of decomposition of gallo-tannic acid). (Kr.) 

On the validity of the distinction between iron-blueing and iron- 
greening tannin, several views have been put forward, in which, how- 
ever, these denominations have been understood as applying to two 
groups of bodies. If, according to Geiger, water containing a small 
quantity of alkali be gradually added to a ferric salt which has been 
turned green by any kind of iron-greening tannin, the green colour 
changes to violet-black, the tint usually produced by iron-blueing 
tannin. On adding an acid, the green colour is restored. — According 
to this result, the difference between the two groups might be that 
the iron-blueing tannin is less rich in free acid ; nevertheless, it reddens 
litmus more strongly than the other kind of tannin. It appears to 
contain [ ? to he capable of yielding] a larger proportion of gallic 
acid; but iron-blueing tannin is not converted into the iron-greening 
kind by addition of gallic acid. (Gmclin.) — The blue or green reaction 
is by no means an infallible characteristic of the species of tannic acid, 
since bases colour the ferric compounds of tannic acid blue, and acids 
change the blue to green. With ferric acetate, the iron-greening acids 
form a blue compound; the green compound which they form with 
other ferric salts, is turned blue by addition of a sufficient quantity of 
acetate of lead, cither neutral or basic, and even by a largo quantity 
of gelatin. A compound of iron-greening tannic acid with lead-oxide, 
is turned blue by ferric sulphate; an iron-greening tannic acid is 
turned blue by continued exposure to the air, in contact with water 
and iron -turnings. (Ca vaHins,' Berz. Jahresb. 1841, 274.) But the 
colours thus obtained with iron-greening tannic acids are very different 
from those produced by the iron-blueing acids, and the two cannot be 
converted one into the other. Thus, catechu-tannic acid (obtained by 
exhausting catechu with a small quantity of water: see below) left in 
contact for a few days with iron filings, assumes a dirty greyish, not 
a black-blue colour, and the precipitate does not turn green when, 
treated with a small quantity of acetic acid, but dissolves on the addi- 
tion of a larger quantity, and is precipitated purple-grey on addition 
of ammonia. The iron-greening tannic acids of catechu, lduo, abler, 
larch, and birch-bark, and of tormentilla-root, are likewise in capable 
of yielding a good ink. The extracts of iron-greening parts of plants 
do not yield pyrogallic acid by dry distillation, unless they contain 
gallic acid ready formed. (Stenhouse.) This also shows the "incorrect- 
ness of the view advanced by Ilennig (iV, Ur. Arch. 78, 150), who 
regards the two groups as not essentially different from gallo tannin, 
and as identical therewith when pure. 

All iron-greening tannic acids (as those from kino, tormentilla and 
bistorta roots) yield pyrocatechin (xi, 379) by dry distillation, whereas 
the iron-blueing acids yield pyrogallic acid (xi, 898). Many plants con- 
tain both iron-blueing and iron-greening tannin; and these yield, by 
fractional precipitation with sugar’ of lead, first iron-blueing and after- 
" H2 
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wards iron. -greening precipitates. This is the case with tormentilla 
and bistorta roots, both of which yield at first an aqueous extract, 
which turns ferric salts blue, but after incomplete precipitation, with 
sugar of lead, turns them green (Eissfcldt, Ann. Pharm. 92, 109 ; Cloth, 
Ami. Pharm. Ill, 215). 

Tannic acids occur especially in perennial plants, but are likewise 
found in annuals and biennials (VVahlenbcrg). Pcttenkofcr (iV. Jlepert. 
3, 74 j, found tannic acid in Solamim tuberosum and Potent-ilia tormentilla , 
which are perennial, but not in the annual species, Solan-inn tuberosum 
[? s. Dulcamara or S. nigrum ] and Potentilla amerina . — Tannic acids 
are found in the perennial roots of annual species, in the bark of most 
tree-stems, and in the young branches of shrubs and woody plants. 
The white inner part of the bark, lying next to the alburnum, contains 
the purest tannic acid, whilst the middle portion contains more 
extractive matter, and the outer bark is generally destitute of both ; 
young baiks contain more tannic acid than older barks, in which, 
indeed, they are for the most part converted into brown extractive 
matters (Davy). Tannic acids are also found in the husks of fruits and 
seeds, and in unripe fruits, less frequently in the leaves, and least of all 
in the petals. According to Wahlenberg, they are never found in the 
interior of the seed, or in poisonous plants, or in such as contain 
caoutchouc or milky juice. 

Iron-blueing tannic acids are found in the leaves, bark, &c., of the oak, 
poplar, birch, hazel-nut, and other trees ; the leaves of Arbutus Uva ursi 
and Arbutus Uneclo, Lythrum salicaria , the stalks of Piles rubrum , the bark 
of Cornus mascula, and many other plants and vegetable organs. — • Iron- 
greening tannic acids occur in catechu, cinchona-barks, pines and firs, in 
the root of Crameria triandra , Pheum Phaponticimi , tormentil, — in the 
hark of Salix trianda and S. undulata , of Alnus glutinosa, Pinus Larix and 
Pkmjphora Mangle , the common black mangrove (Stenhouse), and many 
other plants. 

The tannic acid of the Sumach is identical with, or very similar to, 
gallo-tannic acid. It yields pyrogallic acid by dry distillation, and gallic 
acid when decomposed by sulphuric acid. (Stenhouse.) — Black tea 
contains a small quantity of boheic acid (xii, 473), and a very large 
quantity of gallo-tannic acid. The aqueous infusion precipitated with 
sugar of lead yields a salt, the organic substance of which contains 
50*4 p. c. C., 4*2 EL, and 45*4 0., agreeing therefore in composition 
with gallotannate of lead. When boiling aqueous sugar of lead is 
added in excess, a precipitate is formed containing 04*49 p. c. lead- 
oxide (Kochleder, Ann. Pharm. 03, 202); The aqueous extract, either 
of black or of green tea, yields, by dry distillation, pyrogallic acid, 
proceeding from the gallic acid contained in the tea. From the infusion 
of the tea, ± vol. oil of vitriol throws down a dark brown precipitate, 
which dissolves in water much more easily than that from gallo-tannic 
acid, and does not yield any pyrogallic acid by dry distillation. When 
boiled with dilute sulphuric acid, it does not yield any gallic acid, but a 
brown substance sparingly soluble in water, and is therefore altogether 
different from gallo-tannin (Stenhouse). On the tannic acid of tea, see also 
Mulder {Pogg, 43, 635.) — The tannic acids of lino and of tormentil root , 
agree when pure with gallo-tannic acid ; in the impure state, they pre- 
cipitate ferric chloride green or grey ; in the pure state, blue-black 
(Hemiig-): see Kinotanmc add. — The tannic acid of oal-barJc is regarded 
by Berzelius ( Lehrbuch , 3 Aufl. 6, 213), as identical with gallotannic 
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acid. According' to Stenhouse, it yields neither gallic nor pyrogallic 
acid ; the precipitate produced by boiling with dilute sulphuric acid is 
red-brown and nearly insoluble in water. 

Mirabelles, Valonia, Dividivi, the fruit of Anacardium longifolmm , bis- 
torta-root, pomegranate-bark, and the bark of the birch, hazel-nut and 
larch, contain tannic acids different from gallo-tannic acid (Stenhouse). 

Turkish gall-nuts contain 65 p. c. tannic acid (Guibourt), 72 p. c. 
(Mohr), 55 to 60 (Buchner), Chinese gall-nuts contain 69 p. c. (Bley, 
Stein) ; Bassorah gall-nuts, 26 p. c. (Bley, N. JBr.Arch. 75, 138). 

Preparation. 1. A displacement apparatus is half filled with finely 
pulverised gall-nuts, and commercial ether containing- water and 
alcohol is poured in. The liquid which runs away separates into 
two layers, the lower of which is a heavy, syrupy, amber-coloured 
solution of tannic acid, water and ether, while the upper is mobile, 
consisting of ether, water, gallic acid, and a small quantity of tannic 
acid. Ether is poured into the apparatus as long as the lower stratum 
continues to increase ; the upper layer is then removed ; and the lower 
is repeatedly washed with ether, and dried in vacuo, or by heat. Gall- 
nuts thus treated yield from 35 to 40 p. c. tannic acid (Pclouze). A 
better mode of proceeding is to stir powdered gall-nuts to a paste with 
commercial ether, leave it to macerate, press through linen, and 
exhaust the galls by repeated treatment : the product thus obtained 
amounts to GO per cent. (Lecannot, J. Pharm. 22, 149 ; Ann. Pharm. 
18, 179. — Domine, JSf. J. Pharm. 5, 231). The latter uses commercial 
ether of 56° Baurae, and leaves the gall-nut powder previously for 
4 clays in a cellar, so that it may absorb moisture, before submitting it 
to the action of the ether. The tannic acid thus obtained is somewhat 
less pure than that which is prepared by displacement (Beral, Mohr). 

2. 100 pts. powdered gall-nuts are treated in the displacement 
apparatus with a mixture of 300 pts. ether, 15 pts. alcohol of 90 p. c., 
and 5 pts. water (or 20 pts. alcohol of 69 p. c.) ; the residue, after the 
liquid has run off, is twice treated with the same mixture, three 
times with pure ether ; and the whole of the extracts are shaken - 
up together, and left to settle for a week. The upper of the two layers 
thus formed is decanted from the syrup below; the latter is evaporated 
over the water-bath ; and the residue is dried between 100° and 11 O ’. 
The decanted ether deposits an additional quantity of syrup, if a third of it is subjected 
to distillation and the residue thereby obtained is mixed with the remaining; two -thirds, 
or if a little water is added. To free the tannic acid thus obtained (or 
according to 1) from admixed gallic acid, eilagic acid, volatile oil, and 
chlorophyll, 100 pts. of it are shaken up with 100 pts. water and 200 
pts. ether, whereby three layers are formed, the upper consisting of 
ether, the middle of aqueous gallic acid and impure tannic acid, while 
the lowest, which is syrupy and amounts to 215 pts., leaves, on 
evaporation, 90 pts. of pure tannic acid (Guibourt). — Beral, (/. GMm. 
mid. 75, 225) adds to 8 pts. gall-nut powder the half of a mixture of 
12 pts. ether, 3 pts. alcohol of 85 p. c. and 1 pt. water; places the mix- 
ture in a funnel provided with a stop-cock; pours the rest of the 
liquid on, it; leaves it to drain away for 6 hours; displaces the solution 
still remaining in the funnel by pouring in 4 or 5 pts. of water ; and 
evaporates the filtered liquid. The same process is adopted by Braudes 
(A r . Bn Arch. 21, 329). — Mohr employs for the extraction a mixture of 
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equal volumes of ether and alcohol of 90 p. c. The filtrate is syrupy, 
but thinner than that obtained by 1, and forms only one layer, exhibits 
but little turbidity on the addition of a largo quantity of ether, and if 
7 fluid ounces of ether are used to 2 oz. of galls, yields a quantity 
of tannic acid amounting to 72 per cent, of the galls. If a mixture of 
4 vols. ether and 1 vol. alcohol of 90 p. c. is used, the extract has the 
same constitution (Mohr, Sandrock). — With Chinese galls, hydrated 
ether acts better than ether-alcohol (E. Ricgel, N, Jahrb, JPharm . 
8, 252). 

3. Pour parts of gall-nut powder covered with 8 pts. water, are 
left to stand for two hours ; the liquid is filtered; the filtrate, amount- 
ing to about 4 pts., is mixed with 2 pts. ether and poured into a tap- 
funnel ; and the syrupy layer thus formed (containing 40 pts. tannic 
acid to 7 pts. water and 53 pts. .ether), is separated from the upper 
liquid; which latter, if again agitated with ether, yields an additional 
quantity of syrup. By this process, £ of the tannic acid contained in 
the decoction is obtained (Beral). 

4. Aqueous extract of gall-nuts is exhausted with other, which 
takes up the gallic acid together with part of the tannic acid ; the solu- 
tion is then evaporated ; and the admixed crystals of gallic acid arc 
dissolved out of the residue by small quantities'of ether (Berzelius). 

5. Gall-nut powder is exhausted with a moderate quantity of hot 
water, strained through linen and pressed ; the turbid infusion is stirred 
up with a small quantity of dilute sulphuric acid, which precipitates 
the matters causing the turbidity, so that at last the liquid goes clear 
and easily through the filter ; and oil of vitriol is added to the filtrate 
as long as the precipitated white flocks are thereby made to unite, in 
the course of an hour, into a brownish pitchy mass, which, in addition 
to tannic and sulphuric acids, contains oxidised extractive matter, and 
peihaps also other substances. The liquid decanted therefrom is 
mixed with oil of vitriol, as long as a precipitate is thereby formed ; 
the white or yellowish flocks are thrown upon a filter, washed with 
water containing a sufficient quantity of sulphuric acid to prevent it 
from exerting a solvent action, — pressed between bibulous paper as 
long as they render the paper moist, and then dissolved in cold water ; 
the solution is mixed with finely pulverised carbonate of lead as long 
as effervescence ensues, and placed in contact with a small quantity of 
carbonate of lead till it no longer precipitates chloride of barium; and 
the filtered liquid is immediately evaporated in vacuo. The solution 
in boiling water of the pitcliy precipitate obtained with sulphuric acid, 
deposits, on cooling, a similar, but still more impure, pitcliy substance; 
whilst purer tannic acid remains in solution, which, however, cannot 
be obtained quite pure by treatment with carbonate of load, &c. 
(Berzelius). — Rochleder & Kawalier employ hydrochloric instead of 
sulphuric acid, the former, according to S tollhouse, precipitating tannic 
acid more completely from its aqueous solution. 

* P' T J*y nfusion edified with a very small quantity of sulphuric 
acid and filtered, as in method 5, is mixed with aqueous carbonate 
of potash or carbonate of ammonia, as long as anything is thereby 
precipitated (if too much, alkali is present, the precipitate re-dis- 
solves) ; the white precipitate, containing tannate of potash or 
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ammonia, is washed on the filter with the smallest possible quantity 
of cold water, then dissolved in boiling* dilute acetic acid, and the solu- 
tion is left to cool, foreign matters then separating out. The liquid 
separated therefrom is precipitated by basic acetate of lead ; the washed 
and still moist precipitate is suspended in water and decomposed by 
hydrosulpliuric acid; the liquid is filtered ;) and the limpid filtrate is 
immediately evaporated in vacuo over carbonate of potash (Berzelius). 
— 7. Gall-nut powder is exhausted with cold water; the filtrate is 
nearly neutralised with ammonia, so that it retains but a slight power 
of reddening' litmus — then precipitated by chloride of barium ; the t an- 
nate of barium is left to settle down in a bottle filled with the liquid ; 
the solution is decanted ; the precipitate washed on a filter with cold 
water, whereby it is turned green and partially dissolved, — then dis- 
solved in acetic acid ; the liquid is filtered and precipitated by basic 
acetate of lead ; and the precipitated tannate of lead is decomposed by 
hydrosulphuric acid, as in 6. (Berzelius.) 

The older methods of Thomson, Grotthus {Seine. IS, 132), Proust 
{Seller. J. 2, 252 ; 10, 91), Bouillon-Lagrange, Mcrat-Guillot {Scher. J. 
10, 87), Trommsdorff {A. Gehl 3, 111. — iV. Tv. 2, 1, 61. — Tasclienb. 
1820, 43), Schrader {N. Geld , 8, 509), Loper {N. Tv. 5, 1, 339), Meissner 
{JBerl. Jahrb . 29, 2, Cl, and 91), yield impure tannic acid or sometimes 
none at all. — To obtain tannic acid from vegetable substances con- 
taining too great a proportion of foreign matters to admit of direct 
extraction with ether, the aqueous extract is precipitated with acetate 
of quinine, cinchonine, or some ether vegetable alkali ; the washed pre- 
cipitate is dissolved in alcohol ; the tannic acid is precipitated with 
neutral acetate of lead ; the precipitate decomposed by hydrosulphuric 
acid ; tho filtrate evaporated to dryness in vacuo ; the residue dissolved 
in cthcr-alcohol ; and the solution again evaporated {Gerharclt, Trade, 
3, 849). 

Purification . By solution in ether of sp. gr. 0*72, which leaves un- 
dissolved the greater part of the yellowish brown tannic acid rendered 
fluid by the water in the ether (Berzelius). The ethereal solution of 
tannic acid (prepared by 1) is mixed with such a quantity of water as 
to form three layers, the lowest of which is syrupy and may be 
separated by a tap-funnel, this liquid is then mixed with water, anti 
warmed till the other or alcohol is completely expelled, then evaporated 
in vacuo over oil of vitriol, and the residue is dried between 120° and 
130° (Strecker), From impure tannic acid, anhydrous ether extracts 
gallic acid, fat and resin, and likewise ellagic acid if it has boon pre- 
pared with cthcr-alcohol. Of the three layers formed by agitation 
with ether and water, the middle one contains these impurities dis- 
solved in ether (Luboldt). 

Tannic acid prepared and purified by method I, cannot be farther 
resolved into different substances by repeatedly treating its ethereal 
solution with water, but exhibits the same composition before and 
after this treatment (Stacker). Rochleder & Kawalier, on the other 
hand, regard the tannic acid obtained from gall-nuts by exhaustion 
.with ether and water, as a mixture still containing gallic and cllagic 
acids -this conclusion they deduce from the following experiments: — 

Turkish gall-nuts exhausted with ether and water in the displace- 
ment apparatus yield a solution which separates into three layers, 
the uppermost cc being yellowish and mobile, and containing a large 
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quantity of gallic acid; tlie lowest /3 having’ a brown colour and 
depositing a large quantity of ellagic acid, when left for some time out 
of contact with air, or when treated witli acids ; and the middle 7 
being brownish yellow and syrupy. This middle layer separated, 
washed with ether, mixed with water, warmed till the ether is 
evaporated, and then precipitated with neutral acetate of lead, yields 
a yellowish white precipitate ; and, on treating this precipitate a with 
50 cc. acetic acid and 200 cc. water, — tlie undissolved portion b with 
100 cc. acetic acid and 200 cc. water, — and in like manner the suc- 
cessive undissolved portions, c with 150 cc. acetic acid and 150 cc. 
water, cl with 200 cc. acetic acid and 100 cc. water, and e with 200 cc. 
acetic acid, five solutions a, b , c , cl, e are obtained, together with a 
residue/. Each of these solutions is precipitated with basic acetate of 
lead ; and the precipitates, after washing with water, are decomposed 
by hydrosulphuric acid, the precipitate / being also treated in the same 
manner. . On filtering the solutions from the sulphide of lead, and 
evaporating them, first in a stream of carbonic acid, afterwards in 
vacuo, a leaves nearly pure gallic acid ; b a mixture of gallic and tan- 
nic acid ; c tannic acid with traces of gallic acid ; — while cl and e 
leave a transparent vitreous mass which gradually becomes opaque, 
perfectly white, and very friable ; f leaves ellagic and tannic acid. 
d, dried at 100° in vacuo, contains 50*81 p. c. 0., 3*86 II., and 45*33 O., 
and when boiled with hydrochloric acid in a stream of carbonic acid, 
yields 1*38 p. c. ellagic acid and 4*38 p. c. sugar; but this portion of d, 
if twice boiled in the state of powder, with quantities of ether not 
sufficient to dissolve it completely, and, after the removal of these 
somewhat coloured extracts, dissolved completely in ether, and 
evaporated in vacuo after addition of water, contains 51*72 p. c. 0., 
3*76 EL, and 44*53 0., and yields with hydrochloric acid, 0*73 p. c. 
ellagic acid and 7*07 p. c. sugar. — e behaves externally like cl — The 
tannic acid of /, when separated from the ellagic acid, contains 
52*21 p. c. 0., 3.59 H., and 44*20 O., and yields with hydrochloric acid, 
7*27 p. c. ellagic acid and 4*96 p. c. sugar (Rochleder & Kawalier). 

Purification according to Rochleder & Kawalier. — The solution of 
tannic acid in the smallest possible quantity of water is shaken up 
with a small quantity of solution of neutral acetate of lead; the 
filtrate is mixed with water, and filtered again from the very impure 
tannate of lead thereby precipitated ; and the new filtrate is precipitated 
by neutral acetate of lead in three portions. By decomposing the 
first and third of these precipitates with hydrosulphuric acid, and 
expelling* the excess of that acid by a stream of carbonic acid, solu- 
tions are obtained, which, when boiled with hydrochloric acid out of 
contact with the air, yield a large portion of ellagic acid. If the tannic 
acid solution obtained in like manner from the middle portion be pre- 
cipitated by tartar-emetic, with addition of a little carbonate of 
ammonia, the precipitate washed with hot water and decomposed 
under water with hydrosulphuric acid,— and the excess of that acid 
expelled by passing* carbonic acid into the hot liquid, the filtrate, when 
lert to itself in vacuo, becomes _ turbid and deposits a brown substance. 

. e solution separated from this substance by filtration, and evaporated 
ni vacuo, leaves colourless amorphous tannic acid, which, when boiled 
with hydrochloric acid, no longer yields ellagic acid. 

Estimation of Tannic Acid m Astringents. 1. The aqueous extract is 
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mixed with solution of gelatin, as long as a precipitate is thereby pro- 
duced, the quantity of tannic acid which the same solution of gelatin 
(or another of known strength) is capable of precipitating, having 
been determined by a previous experiment. (Wheeler, Mem. Chem. Soc . 
3, 319.; Fehling, JPharm. Gentr. 1853, 872 ; Dingl 130, 53. — G. Muller, 
Dingl. 151, G9 ; Chem. Centr. 1859, 42.) M filler mixes the gelatin- 
solution with l pt. alum, to accelerate the clarification of the liquid. 
---To obviate the necessity of filtering, or waiting for the slow depo- 
sition of the precipitate towards the end of the experiment, Wheeler 
dips into the solution a glass tube loosely closed at the bottom with 
sponge, and tries whether the gelatin-solution which enters the tube 
still gives a cloud with solution of gelatin. — 2. Stein mixes the 
aqueous extract with a known volume of a standard solution of neutral 
acetate of lead, dilutes the mixture to a given volume, and determines 
the quantity of lead remaining in a measured portion of the filtrate. 
(Schweiz, polyt. Zeitschr . 2, 169.) — 3. Monier (Compt. rend. 46, 577; 
Dingl 148, 209) mixes the aqueous extract with solution of mineral 
chameleon, which rapidly decomposes tannic acid, — the quantity of 
tannic acid which this solution is capable of decomposing having been 
previously determined. — 4. Hammer (J. pr. Chem. 81, 159) determines 
the specific gravity of the solution both before and after the removal 
of the tannic acid, by addition of about a four-fold quantity of animal 
skin, which has been softened in water, pressed between linen, then 
Washed, dried, and pulverised. See Table of the specific gravity of aqueous 
tannic acid (p. 463). — On the estimation of tannic acid, see also F. Muller (N. Br, 
Arch. 38, 147), Lowentlval (J. pr. Chem. 81, 150); Handtke (J. pr. Chem. 82, 345; 
Pharm. Viertelj. 10, 588; Zeitschrift fur analyt. Chemie, 1, 104) ; H. Sackur 
( XJ eber den Gerbprocm. Dissert at. Berlin, 1860). 

Properties. Colourless, amorphous mass remaining, when its aqueous 
solution is evaporated, in transparent, vitreous, shining, fissured, easily 
friable lumps. Inodorous. Tastes strongly astringent, but not at all 
bitter. Reddens litmus strongly. Does not soften between the 
fingers. Acquires a yellow colour by exposure to light, even in closed 
vessels. — No optical rotatory power. (Kr.) 
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The analyses are given in mean numbers. For Rochleder Sc Kawalier’s analyses 
see page 456. Earlier formulae : C 18 H 9 0 12 (Pelouze); C 18 H s 0 3 ‘ 2 (Liebig); C 14 H <J O X0 
(Wetherill); C 28 H 10 O 18 (Mulder). Strecker at first proposed the formula C 40 H 18 O 2( \ 
then that above given, deduced from many accordant analyses and from the products 
of decomposition. Rochleder and K,nop doubt its correctness. 
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Decompositions. 1. Tannic acid heated to 150° or 160°, becomes 
darker from incipient decomposition (Streckcr) ; at 215° it is. resolved 
into ■water, carbonic acid, and pyrogallic acid, which volatilise, and 
metagallic acid, which remains. At 250°, only metagallic is formed, 
without pyrogallic acid. (Pelouze.) The decomposition begins at 180° ; 
at 250°, 6*5 p. c. acid water goes over, which holds the pyrogallic acid 
in solution, while 53 — 59 p. c. motagallic acid remains. Pyrogallic acid 
also sublimes, and the carbonic acid which escapes contains a small 
quantity of a gas not absorbable by potash. (Mulder.) These decom- 
positions are represented by the equations — - 

C 51 H 22 0 31 - 4C 12 H I 0 4 + 6 CO 2 ■+ 6TIO, 

Metagallic 

acid. 


and C f ' 4 H22Q3 4 = 3C 12 HW + C 12 IW + 6C0 2 . 

Pyrogallic Metagallic 
acid. acid. 

The two decompositions may go on simultaneously. (Streckcr.) 

Meiagallic acid (Mulder’s melangallic, Gerhardt’s gallulmic acid ) — which is like- 
wise produced by rapidly heating gallic acid to a temperature between 240° and 
250° (xii, 401) — remains in the distillation vessel in which gallo-tannic is heated, as a 
black, highly lustrous, tasteless mass, and exhibits the same composition whether 
prepared from tannic or from gallic acid, or after solution in potash-ley and precipi- 
tation with acids, — containing, on the average, 66*15 p. c. C., 3*86 H., and 29*99 O., 
and answering, according to Pelouze, to the formula C 12 H 4 0 4 (calc. 66*66 C., 3*70 H., 
and 29*64 O.). It is quite insoluble in water ; dissolves easily and without residue in 
aqueous ammonia, potash, and soda, also in glucina (?), and is precipitated by acids. 
When aqueous potash is boiled to saturation with precipitated metagallic acid, the 
solution is neutral to vegetable colours. The acid eliminates carbonic acid 
from alkaline carbonates, but has no action on pure baryta pr its carbonate. 
The potash-salt forms black precipitates with metallic salts ; the silver-salt con- 
tains 53*88 p. c. AgO ; 34*11 C., 1*47 H., and 10*54 O. (Pelouze). — According 
to pelouze, metagallic acid, prepared by heating tannic or gallic acid, is apt to 
retain pyrogallic or gallic acid. |When freed from these acids by heating it as 
long as it yields any sublimate, it contains, on the average, 66*75 p. c. C., 3*60 H., 
and 39*65 O. ; its silver-salt obtained by mixing the ammoniacal solution of the acid 
with nitrate of silver, and precipitating with acetic acid, retains ammonia when dried 
at 140°, and has a silvery lustre. By digesting the excess of acid with potash -ley for 
several hours, evaporating the -filtrate, and drying at 130°, the potash-salt is produced 
containing 12*2 p. c. KO., 58*5 C., 2*4 H,, and 26*7 O. From these results, Muldex* 
represents the acid and the potash-salt by the formulae C 40 H 10 O M and C' ll, H 10 () w ,KO. 

2. Tannic acid heated in a platinum spoon, decrepitates, undergoes 
semifusion,, swells up, carbonises, takes lire, and burns with a bright 
flame, leaving an easily combustible cinder. (Berzelius). — 3. Exposed 
on a watch-glass to strongly ozonised air, it acquires a yellow or 
yellow-brown colour, becomes glutinous and fluid, strongly acid, from 
formation of oxalic acid, and if the action be continued long enough, 
disappears completely, being converted into water and carbonic acid. 
(Schonbein, J. pr . Chem. 81, 12). — 4. Aqueous tannic acid, through 
which ozonised air is passed, absorbs it quickly and completely, becomes 
dark brown-red, then again lighter, and forms oxalic acid and a sub- 
stance which reduces cupric oxide, these products being decomposed 
by the further action of the ozone, so that the liquid ultimately leaves 
but little residue when evaporated. (Gforup-Bosauez, Ann. Pkarm . 
110, 106). When a very dilute aqueous solution of tannic acid is 
exposed to the air, it becomes turbid, from separation of grey crystal- 



GALLO “TAN NIC OR TANNIC ACID. 


459 


lino gallic acid ; oxygen is absorbed at the same time, and an equal 
volume of carbonic acid is produced. (Pelouze.) Aqueous tannic acid, 
evaporated with aid of heat in open vessels, leaves a brown non- trans- 
lucent mass, which, when treated with water, leaves a dark-brown 
residue, a further quantity of which is obtained by repeated evaporation 
and re-solution (Berzelius). This residue is the oxidised tannic acid 
of the older chemists. — Peroxide of hydrogen and oxygenated oil of 
turpentine do not produce any perceptible alteration in tannic acid. 
(Schdnbein.) 

5. Aqueous tannic acid dissolves finely divided iodine. (Debauquc, 
JSf. Br. Arch. G8, 101 ; Pharm. Yiertelj. 1, 278). When 7 pis. tannic 
acid are triturated with 1 pt. iodine and 800 pts. water, a turbid liquid is 
produced, which does not give any indication of the presence of iodine 
when tested with starch ; it deposits black-brown crystals free from 
iodine, amounting to £th of the tannic acid used, and resembling tannic 
acid in their behaviour to gelatin-solution and alkaloids. The iodated 
solution is red-brown, strongly acid ; does not colour the skin ; gives 
a black precipitate with solution of gelatin, albumin and alkaloids. It 
dissolves a quantity of iodine equal in weight to the tannic acid 
employed. On mixing it with lime, tannic acid is precipitated, the 
whole or nearly the whole of the iodine remaining in solution as iodide 
of calcium. Sugar of lead added to the solution, throws down iodide, 
and then tannate of lead. The solution does not yield either iodine or 
hydriodic acid by distillation, and when evaporated, gives off only a 
small quantity of iodine-vapour as the mass becomes dry ; neither can 
iodine be detected by starch in the residue of the distillation. (Socquot 
& Guillermond.) — G. Aqueous iodic add eliminates from tannic acid, 
even in the cold, carbonic acid mixed with a small quantity of carbonic 
oxide, (Millon, Compt . rend. 19, 272.) Iodate of potash produces a dark, 
and on heating, a nearly black coloration ; alcohol does not produce any 
precipitate in the mixture. (Simon, llcpert. G5, 205.) — 7. Bromine acts 
violently on tannate of potash, and forms a brown resin. (Cahonrs, 
N. Ann . Glum. Phys. 19, 507.) — - 8. By small quantities of chlorine , 
aqueous tannic acid is clouded, coloured brown, and altered as by 
evaporation in contact with the air; a larger quantity of chlorine 
decomposes it completely (Berzelius). — Chlorate of potash scarcely 
exerts any action upon it (Simon). 

9. Oil of vitriol dissolves gallo- tannic acid with lemon-yellow or 
brown-yellow colour, becomes purple-red, and gives off sulphurous 
acid when moderately heated, and at a stronger heat, becomes pitch- 
black and forms humic acid (Wackenroder). — By boiling, or by con- 
tinued digestion at a moderate heat with dilute sulphuric add , tannic 
acid is resolved into gallic acid (Liebig) and dcxtro-glucose (Strecker, 
sec page 344). Small quantities of cllagic acid and humous substances 
are likewise formed, probably as secondary products. (Strecker,) 
Acetic acid is not produced in this reaction (Liebig). 

Liebig and Stas long ago supposed {Ann. Pharm. 80, 205) that a 
carbo-hydrate is formed in this decomposition, in addition to gallic 
acid. — 100 pts. tannic acid yield 22 pts. glucose (Strecker), at most 
87*4 pts. gallic acid (Wctherill), as much as 95 pts. gallic acid, together 
with other products of decomposition, the weight of all these products 
taken together being equal to that of the tannic acid employed (Kuop). 
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By the use of properly diluted sulphuric (or hydrochloric) acid, nearly 
the whole of the tannic acid may be obtained in the form of gallic acid 
(Stenhouse). According’ to Streckcr’s equation, 100 pts. tannic acid 
should yield 82*5 pts. gallicacid and 29*1 pts. glucose (see also the reaction 
with hydrochloric acid). 

The crystallisation of the gallic acid is comparatively rapid and 
abundant, when gall-nut powder .is moistened with dilute sulphuric 
acid and exposed to sunshine, tufts of crystals then appearing on the 
surface in a few hours, and additional quantities being obtained by 
repeatedly moistening the powder with acid and then drying it. Pure 
tannic acid thus treated likewise yields white crystals of gallic acid 
(Horsley, J. pr. Chem. 72, 192). 

Tannic acid boiled with an insufficient quantity of dilute sulphuric 
(or hydrochloric) acid, forms a nut-brown humous substance, Sten- 
house’s melantannic acid , which is tasteless, reddens litmus, is insoluble 
in cold, sparingly soluble in hot water, hut dissolves in alcohol and in 
alkalis ; the ammoniacal solution forms dark-coloured precipitates with 
metallic salts (Stenhouse). 

When tannic acid is boiled with aqueous hydrochloric acid out of 
contact with the air, ellagic acid and sugar are almost always obtained, 
their quantities however not bearing any definite proportion to one 
another (Bochleder & Kawalier). When aqueous tannic acid was pre- 
cipitated by hydrochloric acid to the amount of one-third, and the 
solution decanted from the precipitate again precipitated in the same 
manner to the amount of one-half, the solution decanted from this 
last precipitate, and treated with hydrochloric acid, deposited the rest 
of the gallic acid in pure white flocks. On dissolving these in water, 
and boiling with hydrochloric acid in an atmosphere of carbonic acid, 
the liquid became yellowish at the boiling heat— but not darker after 
four hours, — and deposited ellagic acid. The solution left to cool in the 
atmosphere of carbonic acid, and separated after 24 hours from the 
ellagic acid, then evaporated down to one-half in vacuo over oil of 
vitriol and sticks of potash, solidified to crystals of gallic acid, and the 
other half treated as described at page 340 of this volume, yielded 
crystals of glucose. In this manner, tannic acid containing 50*69 p. c. 
carbon, 3*74 hydrogen, and 35*57 oxygen, yielded 5*58 p. c. ellagic 
acid and 9*49 p. c. sugar C 12 H 12 0 12 ,* but tannic acid with a different 
amount of carbon, yielded other quantities of the two substances (see 
page 456). Hence tannic acid, even when freed as completely as pos- 
sible from admixed ellagic and gallic acid, generally contains a com- 
pound which yields ellagic acid, — a second which yields gallic acid 
(these two acids not being formed one from the other), and perhaps 
also sugar, — or possibly a third from winch the sugar is produced. It 
is possible indeed, by the method given at page 456, to obtain a tan- 
nic acid free from the compound which yields ellagic acid, but not to 
free it from the second body which yields glucose in the decomposition, 
although the quantity of sugar may be reduced as low as 4 per cent. 
The greatest quantity of sugar obtained amounted to 9*49 p. c. of the 
tannic acid. A tannic acid having the composition found by Strecker, 
yielded 7*27 p. c. ellagic acid, and 4*96 p. c. sugar (Bochleder & 
Kawalier). Hence Bochleder & Kawalier regard tannic acid as a 
glucoside (see also the statements of Knop and Bobiquet). 

10. Nitric add does not precipitate aqueous tannic acid, or with 
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difficulty only, but colours it yellow, then red, and decomposes it quickly, 
with formation of oxalic acid (Stenhouse). — 11. When aqueous tan- 
nic acid is mixed with aqueous osmicacid of the strength of 3 per cent., 
an inodorous, deep-blue liquid is formed, transparent only in thin films, 
and leaving on evaporation a black-blue, amorphous, insoluble layer. 
On dissolving this residue in aqueous osmic acid, osmic oxide is 
separated, the reaction being accelerated by heat, and the rod- brown 
filtrate obtained after heating the liquid with ammonia, yields by 
evaporation brown crystalline needles and a humous substance. The 
needles contain oxalic acid and an acid very much like suberic acid 
(Buttlerow, J. pr. Chem. 56, 207). 

12. Tannic acid boiled with excess of weak potash-let/ yields gallic 
acid (Liebig, .xii, 398). The solution separated from the gallic acid 
does not contain acetic acid. By prolonged boiling, the gallic acid is re- 
solved into carbonic and pyrogallic acids (Liebig). In contact with 
the air it changes, as described at page 401, vol. xii. With cold potash- 
ley in contact with the air, it forms tannoxylic acid (xii : 437, Btichner). 
Aqueous tannic acid agitated with soda-ley and oxygen, becomes 
transparent and brownish yellow when supersaturated with dilute 
sulphuric acid, and yields peroxide of hydrogen to ether (Schbnbein, 
J.pr. Chem. & 1, 12). 

When tannic acid is treated with alkalis in a current of hydrogen, 
gallic acid and a guim C 12 H u O n are produced (Rochlcclcr k Kawalier, 
Wien. Akad. Ber. 22, 558). — ■ 13. Tannic acid boiled with hydrate of 
baryta, yields gallic acid and glucate of baryta (Rochloder A Kawalier). 
Baryta- or lime-water in excess quickly colours tannic acid green, blue, 
red and yellowish brown ; acids decolorise the solution (Waekenroder). 

14. When tannic acid is boiled for several hours with an equal 
weight of monosulphite of soda or potash and 12 pts. of water, or when 
the solution is evaporated till it froths up in viscid bladders, a quantity 
of anhydrous gallic acid is obtained equal to 75 — 79 p. c., and 5 or 6 per 
cent, of a second body, which contains an equal number of atoms of car- 
bon, hydrogen and oxygen, but is not sugar (Knop). Knop likewise 
found small quantities of ellagic acid, which perhaps was previously 
contained in the tannic acid. On evaporating to complete dryness with 
sulphite of soda, and redissolving in the smallest possible quantity of 
boiling water, ellagate of soda remains behind, together with a green fat 
contained in the tannic acid ; after this has been removed by filtration, a 
quantity of alcohol about equal to 8 or 10 times the weight of the tannic 
acid used is to be added. By this means a red-brown syrup is precipitated, 
while sulphite and gallate of ammonia remain dissolved and crystal- 
lise from the decanted liquid. The red-brown syrup contains sulphite 
of soda in combination with a dark brown substance, which acquires 
a crimson colour with oil of vitriol, and forms a compound with oxalate 
of soda, which crystallises in needles, but cannot be obtained of 
constant composition. The syrup dissolves in water and in alcohol, 
less easily in absolute alcohol, and not at all in ether (Knop, Chem. 
Centr. 1857, 370). — 15. Tannic add boiled with aqueous sulphite of 
ammonia yields crystalline gallamic acid (xii, 435) and an amorphous 
substance which remains in the motlier-liquor. When the latter is decom- 
posed with bichloride of tin, ammonia (not hydrilamine, xii, 435) and Knop’s former 
paragallic add are obtained, which latter Knop now regards as a mixture of gallic 
acid with a carbohydrate and water C 11 H 8 0 12 ,C 8 H a 0 8 , 4H () . 
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16. Chromic acid, heated "with aqueous gallic acid, quickly dncom- 
poses it, with evolution of carbonic acid (Hunefcld, J . pr. Chem. 10, 361). 
Bichromate of potash produces a yellow-brown precipitate, which 
quickly turns black (Wackenroder). — 17. Peroxide of manganese^ heated 
with aqueous tannic acid, with or without sulphuric acid, decomposes 
it, with evolution of carbonic acid and formation of brown extractive 
matter. No gallic acid is produced in this reaction (Hunefcld). By 
permanganate of potash^ aqueous tannic acid is rapidly oxidised, the 
solution, if concentrated, giving off carbonic acid. In this reaction a 
body of undetermined constitution is produced, besides carbonic acid 
and water (Monier). One milligramme of tannic acid dissolved in a 
litre of water, is sufficient to decolorise the acid solution of the per- 
manganate (Monier). When permanganate of potash is added to a 
strongly acid solution of tannic acid, the colour of the permanganate 
disappears quickly at first (the liquid becoming yellow and then 
colourless), more slowly if a portion of the tannic acid has boon de- 
composed, so that the instant at which the last portion of the tannic 
acid disappears cannot be recognised with certainty. ICO pts. tannic 
acid take up about 60 pts. oxygen from the permanganate (Mohr, 
Titrirmthode , 2 Aufl. Braunscb. 527). 

18. Tannic acid reduces ferric solutions partially at common 
temperatures, completely at the boiling heat, to ferrous solutions. 
(Wackenroder, vid. inf.) — 19. From cupric salts , it reduces cuprous 
oxide ; from mercuric chloride , mercurous chloride ; from solutions of 
mercurous or mercuric oxide , it gradually throws down metallic mercury. 
(Wackenroder.) Carbonate of silver is reduced by tannic acid, even in 
the cold. (Schiff, Am. Pharm. 109, 65.) 

20. Aqueous tannic acid which remains unaltered when not exposed 
to the air, decomposes, with evolution of carbonic acid and formation of 
gallic acid, if it remains in contact with the nitrogenous constituents of 
the gall-nuts, therefore, in infusion of galls, and more quickly in gall-nuts 
moistened with water. (Robiquet, Pelouze.) Ellagic acid is formed at 
the same time. (Erdmann, Mulder.) The formation of mould, which 
commonly takes place, has no influence on the transformation. (Winck- 
ler, Report. 53, 401.) The decomposition takes place even in closed 
vessels (Nesenbeck, N. Br.Arch. 31, 129), and more quickly in propor- 
tion as the solution of tannic acid is more dilute. (Robiquet.) The 
transformation is to be regarded as a fermentation process, inasmuch as 
it is stopped or retarded by antiseptic substances, as alcohol, wood - 
vinegar, creosote, mercuric oxide, and corrosive sublimate; moreover 
gall-nuts freed from tannic acid by ether, excite vinous fermentation in 
solution of sugar. (Larocque.) The poctase of the gall-nuts is tins 
ferment which excites the gallic acid fermentation, and the simultaneous 
conversion of the pectosc into pectin. The poctase of gall-nuts w also 
capable of converting the pectin of fruits into poetic acid ; and poctase 
from turnips can excite the gallic acid fermentation. Tannic acid pre- 
pared with ether, but not purified, still contains sufficient poctase to 
give rise to decomposition when dissolved in water. Emulsin, yeast, 
vegetable, or animal albumin, and legumin, retard, rather than pro- 
mote, the gallic acid fermentation. (Robiquet.) In the preparation 
of gallic acid by method 5, page 399, vol. xii, Braconnot observed the 
formation of alcohol — Tannate of quinine, which is insoluble in water, 
is converted by continued digestion with water into soluble gallate of 
quinine. (Lintner, N. Report. 1, 411; Pharm. Cmtr . 1853, 218.1— - 
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Tannate of sock dissolved in water, together with bicarbonate of 
soda, and mixed with yeast , forms gallic acid and humous substances. 
(Ranke, J.pr. Chem. 56, 161.) 

Combinations. Tannic acid does not become moist when exposed to 
the air. (Berzelius.) It is hygroscopic, and cannot be dehydrated 
by a heat below 120°. (Mulder.) After drying in vacuo, it docs 
not lose more than 0*8 p. c. of its weight at 120°, nor any more 
till it begins to decompose. (Streckcr.) The acid dried at the heat of 
the water-bath, gives off at 150°, 10 p. c. water if it has been obtained 
from ether, 12*85 p. c. if it has been obtained from water ; — the water 
thus given off is free from empyreumatic odour. (Luboldt.) 

Tannic acid dissolves readily in water, forming a colourless frothing 
liquid. 

Sp. gr, of aqueous Tannic acid at 15°, according to Hammer. 


Tannic acid 
per cent. 

Sp. gr. 

f Tannic acid 

per cent. 

Sp. gr. 

1 

1*0040 

6 

1*0242 

2 

1*0080 

7 

1*0283 

3 

1*0120 

8 

1*0325 

4 

1*0160 

9 

T0367 

5 

1-0210 

10 

1*0409 


%. Tannic acid is about 200 times less diffusible than chloride of 
sodium : the diffusate contains unaltered tannic acid (Graham, Chem. 
Soc. J. 15, 250). f . 

Tannic acid is precipitated from its aqueous solution by several 
salts, as by sal-ammoniac, common salt, sulphate and acetate of potash 
(not by nitre or Glauber’s salts, according to Streckcr), by sulphuric and 
hydrochloric acids (Berzelius), from very concentrated solution by phos- 
phoric, oxalic, and tartaric acids (Wackenroder), and by arsenic acid, 
(Berzelius.) When boracic acid is dissolved, with aid of heat, in aqueous 
tannic acid, the mass solidifies on cooling to a white jelly, which dries np 
to a bulky snow-white mass. (Berzelius.) These precipitates were 
regarded by Berzelius as compounds of tannic acid with mineral acids ; 
but the precipitate thrown down by sulphuric acid retains, after 
pressure, only a small and variable quantity of sulphuric acid ; that 
produced by hydrochloric acid gives off all its hydrochloric acid in vacuo 
over quick-lime ; hence the precipitates can be regarded only as mixtures 
of tannic acid with mineral acids, produced because tannic acid is less 
soluble in acidulated than in pure water. (Streckcr.) 

Gallo- tannic acid expels carbonic acid from its salts ; it precipitates 
most metallic salts, and unites with the oxides, forming the gallotan - 
nates. The acid is ter basic, its neutral (terbasic or termelallic) salts having 
the formula C M XPM 3 0 3i (Streckcr) ; but it likewise forms acid and basic 
salts. The salts quickly change in contact with the air, and are difficult 
to obtain pure. 

Tannate of Ammonia. — Tannic acid absorbs ammonia-gas which is 
passed over it, forming a compound corresponding to the formula 
(J 28 H 10 0 2S , 4NH 3 , which turns brown at 100° 0. giving off water and 
ammonia. (Mulder.) — By nearly neutralising aqueous tannic acid 
with ammonia, a yellowish red liquid is obtained, which turns green in 
contact with the air, and is coloured dark red by excess of ammonia. 
(Biielmcr.) 
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Carbonate of ammonia added to aqueous tannic acid throws down 
a white precipitate, which changes to a white powder in vacuo. 
(Berzelius.) An excess of carbonate of ammonia causes the white 
precipitate produced at first to disappear immediately, and the liquid, 
after standing for some time, acquires a red-brown colour, and 
deposits light white flocks. (Buchner.) - — Ammonia-gas passed to 
saturation into a solution of tannic acid in absolute alcohol, throws 
down white flocks, or if the solution is very strong, a white resin, which 
becomes friable when repeatedly treated with absolute alcohol. This 
substance, dried between filtering paper and then over oil of vitriol, forms 
a resin having’ a faint brown tint, and very soluble in water. (Buchner.) 


a. 

10S C 

.. 50*35 

b. 

108 C 

. 51*07 ... 

Buchner, 
mean . 

51*08 

53 II 

.. 4*12 

51 H 

4*02 ... 

4*09 

3 N 

.. 3*26 

3 N 

. 3*31 ... 

3*32 

08 O 

.. 42*27 

GG 0 

. 41*00 ... 

4<m 

2C 54 H^0 34 ,3NHA 

.. 100*00 

2C S4 1P 1 0 33 ,3NH 3 .... 

, 100*00 ... 

100*00 


b. According’ to Strecker, who regards this compound as the ammonia-salt of an 
amidated acid of tannic acid. 

Tannate of Potash, a. Pohjbasic ? — The salt b forms, with a certain 
quantity of potash-ley, a yellow solution, which lias an astringent hut 
not very alkaline taste, and leaves, when evaporated, a yellow-brown 
transparent extract soluble in water. — The addition of a larger 
quantity of potash causes decomposition during the evaporation, 
(Berzelius.) 

b. Terbasic ? — From a not too dilute aqueous solution of tannic 
acid, caustic potash, monocarbonate, and bicarbonate of potash, throw 
down a white powder, which, after washing and pressing, dries up to 
a white earthy mass, permanent in the air. This substance, dissolved 
in a small quantity of boiling water, separates on cooling in the form 
of a white granular mass, which leaves the same earthy substance 
on being left to dry spontaneously. It dissolves in a larger quantity 
of water, forming a neutral liquid, which has an astringent taste, and 
solidifies to a jelly when concentrated. It dissolves in warm aqueous 
tannic acid, and separates unaltered on cooling. In alcohol it is nearly 
or quite insoluble. (Berzelius.) 

c. Bibasic. — Alcoholic potash is added to moderately dilute alco- 
holic tannic acid till red veins form on the surface. — White crystalline 
flocks, forming when dry an earthy mass, soluble with greenish colour 
in water, partly precipitable. The aqueous solution, when evaporated, 
leaves a brown smeary mass. (Buchner.) 


54 C 

at 100°. 
324-0 . 

... 45*48 ... 

Biiclmer. 

mean, 

45*00 

22 H 

22*0 

... 3*09 ... 

3*05 

34 O 

272*0 .. 

... 38*18 ... 

38*70 

2 KO 

94*4 .. 

... 13*25 ... 

13*25 

C 54 H»K s G 34 ,2HO .... 

712*4 .. 

.. 100*00 ... 

100*00 
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Tannate of Soda ? — When aqueous tannic acid, neutralised as nearly 
as possible with soda-icy, is left to evaporate freely, there remains a 
greenish grey-yellow semi- crystalline mass, with distinct yellow cry- 
stalline lamime on its edges. A small quantity of cold water dissolves 
a portion of this substance, leaving a salt similar to the potash-salt b, 
which, if dissolved in boiling water, separates as a neutral white 
powder on cooling. The crystalline salt, which dissolves in cold water, 
is insoluble in alcohol, and melts therein when heated. It has a slight 
alkaline reaction, and does not precipitate a solution of gelatin, even 
after addition of acid. (Berzelins.) A concentrated aqueous solution 
of tannic acid behaves with caustic soda or its carbonate in the same 
manner as with potash. When mixed with excess of carbonate of 
soda, it forms a yellowish solution, which turns green in contact with 
the air, and deposits a small quantity of yellow-green crystalline pre- 
cipitate. (Buchner.) 

With 5 at Base to 2 at Acid, — Precipitated by alcoholic soda-ley 
from a cooled moderately dilute alcoholic solution of tannic acid. 
From warm or too concentrated solutions, a resin is precipitated. The precipitate, 
when dried over the water-batli, forms a faintly yellow, earthy, friable 
mass. With a small quantity of waiter, it coagulates to a gummy 
mass, and with a much larger quantity it forms a clear brown solution, 
•which becomes milky as it cools. The concentrated aqueous solution 
evaporated over oil of vitriol leaves a brown film and lamina?. 
(Biichner.) 





Biichner. 


at 100°. 


mean. 

108 C 

.... 648 .... 

46*59 

46*57 

44 II 

.... 44 .... 

3*16 ... 

3*26 

08 O 

.... 644 .... 

.... 39*11 ... 

39*60 

5 NaO 

.... 155 .... 

11*14 ... 

10*57 

2 C r,4 II 2 - O'A 5Na O 

.... 1391 .... 

.... 100*00 ... 

100*00 


So according to Strecker ; Buckner gave tlie formula 5G 18 H a 0 12 ,4NaQ — HO. 

Tannate of Baryta. — a. Baryta-water added to aqueous tannic acid, 
throws down a basic salt. (Berzelius.) The precipitate dissolves in 
aqueous tannic acid, not in excess of baryta-water ; it turns green 
when left to stand, or when washed in contact with the air; also if it 
lias been precipitated with baryta-water, not in excess. 

1. If carbonate of baryta be added to aqueous tannic acid as 
long as effervescence takes place, the liquid then filtered, and the 
filtrate concentrated, only small quantities of flocks separate on 
cooling ; but alcohol added to the brown solution, throws down a 
white light powder, which, after washing with alcohol, turns brown on 
drying. 

c. From warm aqueous solutions of alkaline tamiates, chloride of 
barium throws down a white precipitate, sparingly soluble in cold 
water, more soluble in boiling water. (Berzelius.) The light floccu- 
lent precipitate assumes a very faint reddish colour when washed, and, 
after drying at 100°, contains 39-7 p. c. 0., 2-8 TL, 36*8 0., and 20*7 
BaO. (Buchner.) Buchner gives the formula 4C 18 H 8 0 12 ,3Ba0 : Strecker 
regards the salt as a mixture of tcrbasic (0 M H aa 0 84 , 3Ba0), and bibasic 
salt (C 54 IP 2 O s4 ,2BaO.). 

Sirontia reacts with tannic acid like baryta. (Berzelius.) 
von. xv. 2 11 
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Tannote of Lime.-* Milk of lime, added in excess to aqueous tannic 
acid, precipitates it completely as insoluble basic salt. (Berzelius.) 
Chloride of calcium solution does not precipitate aqueous tannic acid 
(Wackenroder), but from the acid nearly neutralised with ammonia, it 
throws clown the neutral salt, which redissolves during* washing*. 
(Berzelius.) The precipitate quickly turns bluish-green, then brown ; 
the white precipitate thrown down from fixed alkaline tannates is 
almost wholly soluble in water, and dissolves readily in acetic acid. 
(Wackenroder.) 

Tcmnate of Magnesia. — Hydrate of magnesia and magnesia alba arc 
coloured yellow by aqueous tannic acid, and throw down nearly all the 
tannic acid forming a basic compound. (Berzelius, Fr. Muller.) 

T annate of Alumina. — Hydrate of alumina., shaken up with aqueous 
tannic acid quickly unites with it, forming an insoluble compound 
(Pelouze) which dissolves in excess of tannic acid. (Berzelius.) — 
Glucina and yttria react like alumina. 

Tannate oj Titanic oxide. — From hydrochlorate of titanic oxide, 
neutralised as nearly as possible with ammonia, aqueous tannic acid 
throws down yellow-red flocks. (Pfaff.) — From acid solutions of 
titanic acid, infusion of galls throws down at first a brownish precipi- 
tate, quickly changing to pale orange-red. (Rose.) 

Infusion of galls colours hydrate of tantalic acid orange-yellow, and 
precipitates the tantalic acid with the same colour from its acid and 
alkaline solutions. The light yellow precipitate dissolves in alkalis. 
(Rose). — The infusion does not alter alkaline tungstates , but acids 
added to the mixture, throw down a thick, chocolate-coloured pre- 
cipitate. — Tannic acid colours alkaline molybdates deep blood-red, and 
on addition of hydrochloric acid, a blood-red precipitate is formed, which 
dissolves in a large quantity of water. (Rose.) 

With salts of vanadic oxide, aqueous tannic acid forms a bluish-inky 
mixture, which, when left to stand quietly, deposits a black precipitate, 
— ■ With alkaline vanadates , infusion of galls first gives a green, then 
an inky-black colouring : the mixture diluted with a large quantity of 
water, forms a clear dark-blue liquid, which gradually turns green in 
contact with the air. The concentrated mixture may be used as an 
ink, but changes in contact with the air, the black-blue colour passing 
into green. The writing is durable, and withstands the action of 
hydrochloric acid, of chlorine, or of alkalis, hut is destroyed by successive 
treatment with chlorine and alkalis (or by nitric acid : Kr.) (Berzelius). 

Chromic hydrate forms with aqueous tannic acid an insoluble com- 
pound, which is likewise precipitated on mixing chromic salts with 
tannic acid. (Berzelius.) Infusion of galls docs not precipitate chromic 
salts. (Rose.) Uranic oxide behaves with tannic acid like chromic 
oxide. (Berzelius.) Infusion of galls throws down a red-brown 
precipitate from neutral uranic salts. (Rose.) — The infusion does not 
decompose either arsenites or arsenates. (Rose.) 

Tannate of Antimony. — Aqueous tannic acid throws down from 
tartar-emetic a thick white precipitate, which during washing, partly 
dissolves in the water and is partly carried through the filter, rendering 
the liquid milky. The white gelatinous, very sparingly soluble 
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precipitate consists of 3C 18 H 8 0 12 ,SbQ 3 (Pelouze), or, according to 
Stacker’s formula for tannic acid, of C Bi JT 22 0 34 ,Sb0 3 ,2H0. On the be- 
haviour of tannic acid with tartar-emetic, see Berzelius ( Lehrb . 3 Aufl. 6 , 229). 

Tellurium-salts arc precipitated yellow by infusion of galls. 

Tam ate of Bismuth. Bismuth salts form a yellow precipitate with 
infusion of galls. 44 pts. of crystallised nitrate of bismuth are 
decomposed by a slight excess of carbonate of soda, and the washed 
precipitate is mixed with 20 pts. tannic acid. The compound contains 
53 p. c. bismuth-oxide and 47 p. c. tannic acid. (Cap, Pharm. Vkvtelj. 
8, 589.) 

Tamiate of Zinc — White precipitate thrown down from zinc-salts 
by alkaline-salts. (Wackenrodcr.) ■ — 'Helm (TV. Br. Arch . 106, 26; 
Pharm . Vkrtdj . 11, 99) mixes the solution of 6 oz. sulphate of 
zinc in 4 lbs. water, with ammonia not in excess, as long as a pre- 
cipitate is thereby produced ; this precipitate is collected, washed, and 
stirred up with 3 oz. tannic acid and water ; and the mixture is 
heated to boiling, drained and dried. Yellowish white powder, 
insoluble in water. 

Tannate of Cadmium. — Hot aqueous tannic acid throws down from 
cadmium-salts a white precipitate, which assumes a yellow-green 
colour when dry, becomes anhydrous at 100°, and contains 21*4 p. c. 
CdO. Insoluble in water and in alcohol. (Schiff.) 

Stannous Tannate. — Stannous hydrate takes up tannic acid from 
its aqueous solution ; stannous salts are precipitated by tannic acid. 
(Berzelius.) The white flocks precipitated from aqueous tannic acid, 
dissolve readily in excess of protochloride of tin ; those precipitated 
from tannate of soda are but very slightly soluble. (Wackenrodcr.) — 
Stannic hydrate decolorises infusion of galls when digested with it, and 
appears to take up all the tannic acid. (Proust, Davy.) Infusion of 
galls precipitates liydrochlorate of stannic oxide. (Wuttig.) 

Tannate of Lead . — Tannic acid heated with excess of lead-oxide 
to 120° — 140°, gives off from 4T to 4*4 p. c. water (3 at. = 4*4 p. c.) 
(Strcckor). Part of the tannic acid is apt not to enter into combination 
with the lead oxide, and may be dissolved out of the dried mass by 
water, another portion is altered by contact with the air. (Streaker.) 
Mulder obtained in three experiments, from 2*3 to 3*0 p. o. loss of 
water ; in one experiment, 4, and in another, 5*7 per cent. Hydrate 
of lead abstracts tannic add from its aqueous solution (Berzelius). 
Concentrated aqueous tannic acid dissolves rather large quantities of 
hydrate of lead, which arc for the most part precipitated on addition 
of water. (Bitter.) 

By precipitating aqueous tannic acid with neutral acetate of lead, 
salts may be formed containing quantities of lead-oxide, varying from 
34*12 to 64 p. c. ; among them are three definite lead-salts, the rest 
being mixtures of these with each other. (Stacker.) Mulder obtained, 
under different circumstances, 5 salts which, at 120°, contained |, 2, 3, 4, 
and 5 at. lead-oxide to 1 at. tannic acid (C 28 H 9 (F according to Mulder). 
By precipitating tannic acid or tannate of potash with basic acetate of 
lead, a basic salt is obtained, which becomes yellow- green during 
washing. (Berzelius.) All the lead-salts are yellow when recently 
precipitated, excepting the neutral (terbasic) salt. Their organic sub- 

2 h 2 
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stance exhibits at 120°, the composition expressed by the formula 
C 5i H 19 0 31 ; it does not give off any water, when further exposed to 
heat, but the salts decompose at 150°. They are difficult to wash, and 
during washing, absorb oxygen from the air, assuming a darker colour 
from the surface inwards. (Strcckcr.) 

a. With 9 or 10 at. Lead-oxide. — When aqueous tannic acid is 
poured into a boiling aqueous solution of neutral acetate of lead, so 
that this salt remains in excess, the filtrate further precipitated by 
tannic acid, and the mixture boiled for a quarter of an hour in con- 
tact with a large quantity of free acetic acid, a yellowish powder is 
obtained, which at 100° becomes whitish grey, and contains 20*24 p. c. 0., 
1*11 H., and 63*0 to 64*09 p. c. PbO. (Liebig, Ann. Pliarm. 26, 128). 
This, according* to Strcckcr, is the salt C 54 XPPb 3 0 31 , GPbO (cult*. 20*25 
p. c. C., 1*19 H., 13*50 0., and 63*06 PbO).— The precipitate thrown, down 
from excess of boiling sugar of lead by dilute* aqueous tannic acid, when 
collected after a few minutes’ boiling, and dried in vacuo, gave off at 
120°, 1*54 p. c. water (3 at. water = 1*5 p. c) and then contained 
64*7 p. c, lead-oxide, corresponding to the formula 0 64 IP 9 Pb 3 O 31 ,7PbO. 
When dried it slowly absorbs carbonic acid from the air. (Strcckcr.) 



In vacuo. 


Strecker. 

54 C 

.... 324 

... 18*64 

18*2 

22 H 

... 22 

.. 1*26 ... 

1*0 

34 O 

.... 272 ...... 

15*65 ... 

17*1 

10 PbO 

.... 1120 

... 64*45 ... 

63*7 

C 54 H 19 Pb 3 0 34 ,7Pb0 +3aq. 

.... 1738 

... 100*00 ... 

100*0 


b. With 6 at Lead-oxide . — Luke-warm aqueous tannic acid is pre- 
cipitated by excess of neutral acetate of lead, and the precipitate is 
washed with boiling water. After drying in vacuo, it sustains, at 120°, 
a loss of weight amounting to 2*2 per cent. (3 at. water = 2*1 p. c, 
Strecker). 


54 C 

In vacuo . 
324 .... 

.... 25*11 ... 

Strecker. 

mean. 

24*85 

22 H 

22 

.... 1*71 ... 

1*40 

34 0 

272 

.... 21*09 „. 

20*95 

6 PbO 

672 .... 

.... 62*09 ... 

52*80 

C 54 H 19 Pb 3 0 34 ,3Pb0 + 3aq> 

1290 .... 

.... 100*00 ... 

100*00 


c. With 3 at Lead-oxkle . — When aqueous tannic acid is precipitated 
by sugar of lead, a white precipitate is formed, which assumes a 
darker colour when exposed to the air. This precipitate treated 
with boiling water, gives up tannic acid, and leaves neutral tanmifo 
of lead, which becomes gummy and darker coloured in contact with 
ammonia, without altering its amount of oxide of lead (34*21 p. c.). 
After deduction of the oxide of lead, it contains 51*50 p. c. 0., 3*79 XL, 
and 44*71 O. (Berzelius) and consists, according to Strcckcr, of 
C M H 19 Pb 3 0 34 -f 4IIO. The precipitate thrown down by neutral acetate 
or nitrate of lead from excess of aqueous tannic acid, contains at 
120°, 32*86 p. c. C., 2*81 II,, and 33*79 to 34*27 PbO (Peiouze). 

Strecker gives tke formula C 54 IUW0 34 + 5 HO„ which requires 33*33 p. c. CL 2*47 H.. 
34*57 PbO, and 29*630. — The terbasic salt may be prepared by adding* a 
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dilute solution of neutral acetate of lead to aqueous tannic acid, either 
in the cold, or between 40° and 50°, in such quantity, that part of the 
tannic acid may remain in solution. After drying- in vacuo, it gives 
off 2*8 p. c. water at 120° (3 at. = 2-83 p. c.) (Strecker.) 



at 120°. 


Strecker. 

54 C 

324 .... 

.... 34*95 

33*7 

19 II 

19 .... 

.... 2*06 ... 

1*9 

31 0 

248 

.... 26*75 ... 

28*2 

3 PbO 

336 .... 

.... 36*24 ... 

36*2 

C 51 H 1£ W0 34 .. 

927 

.... 100*00 ... 

100*0 


From ferrous salts aqueous tannic acid throws down — but only 
from very concentrated solutions — a white gelatinous precipitate which 
dissolves on addition of water. (Berzelius.) 

Ferric Tannate. Feme salts yield, with very dilute aqueous tannic 
acid, a dark-blue transparent liquid, which after a while becomes 
dark green, and deposits green flocks; at still greater degrees of 
dilution, the mixture immediately assumes a dark green colour, with- 
out yielding any precipitate. (Berzelius.) — The blue-black colouring 
passes quickly into brownish-green, then into olive-green, and finally 
into greenish-brown, the liquid becoming clear in a shorter time in 
proportion as the iron-salt is in greater excess ; with ferric-acetate, 
however, the iron-black colour is permanent, (Pfaff.) The blue-black 
colouring of ferric salts is changed by the stronger acids, especially 
by tartaric acid, to green ; by alkalis, to red (Geiger) ; if, however, the 
liquid altered by acids be set aside for 24 hours, then decanted from the 
precipitate, and the latter treated with pure water, the liquid again 
becomes black ; hence it appears that the green colouring arises from 
the mixture of the yellow ferric tartrate with the ferric tannate. 
(Berzelius, Mag. Pharm. 31, 362.) — Ferric salts are partially reduced 
as soon as they are mixed with tannic acid, and at the boiling heat 
the reduction is complete. (Wackenroder.) 

When aqueous tannic acid is precipitated by pouring ferric sulphate 
into it, the precipitate, after washing and drying at 122°, contains 
12*02 p. C. ferric Oxide. (Pelouzo.) Strecker gives the formula C ,M H 19 0 M # Fe 2 0 3 
(calc. 11*92 Fe 2 0 3 ). Wittstein found the quantity of ferric oxide in the 
precipitate very variable ; the only way in which he could obtain a 
constant compound was by precipitating ferrous sulphate with aqueous 
tannic acid and exposing the precipitate to the air. 

a . When a solution of 2 at. ferrous sulphate is mixed with 1 at. 
aqueous tannic acid, and the mixture is exposed to the air for six 
weeks or longer, and frequently stirred, the dark indigo-blue pre- 
cipitate washed, and dried at 100°, contains 8*4 p. o. Fe 2 0 3 , a small 
portion of the iron being, however, in the state of protoxide. . The 
filtered liquid again exposed to the air yields a further precipitate, 
containing an equal proportion of ferric oxide. The filtrate does not 
contain gallic acid. (Wittstein.) 

b. When ferric sulphate is added to aqueous tannic acid, in such 
quantity, that the filtrate is still clouded by an iron-salt, the resulting 
dark-blue precipitate contains very little ferrous oxide, and yields on 
ignition 14*90 p. c. Fe 2 0 3 . When, on the other hand, tannic acid is added 
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to ferric sulphate, as long as a precipitate is formed, the precipitate yields 
15 '4 p. c. Fe*0 3 . The black-green filtrate contains ferrous oxide, the 
quantity of which increases on boiling, but it is only when more 
tannic acid Is added that the whole of the scsqukmdc of iron is 
reduced to protoxide. (Wittstein.) 

c. When 1 at. ferric acetate is added to 1 at. aqueous tannic acid 
(C 64 ), the resulting black-blue precipitate, aficr being washed with cold 
water and dried at 100°, contains 18*75 p. c. ferric oxide, together with 
a small quantity of free tannic acid, and after this has been dissolved 
out by ether, 100 pts. of the precipitate yield 20*15 p. c. ferric oxide. 
The precipitate likewise contains a small quantity of ferrous oxide. — 
The filtrate from c leaves, on evaporation, a dark-blue, resinous, very 
astringent residue, which dissolves completely with dark-blue colour 
in water and alcohol. — This residue treated with ether, yields tannic 
acid, whereby it loses almost entirely its solubility in water and in 
alcohol, becomes nearly black, and when dried at 100°, contains 
13*4 p. c. ferric oxide. (Wittstein.) 

cl When aqueous tannic acid is dropped into a very dilute solution 
of ferric acetate as long as it produces any precipitate, the liquid loses 
its yellow-red colour, and becomes colourless, the precipitate is rather 
brown than blue, black after drying, and yields, when dried at 100°, 
quantities of ferric oxide, varying from 42*85 to 56*25 p. c., part of 
it being, however, present as ferrous oxide. A colourless filtrate is 
likewise obtained, when, on the other hand, ferric acetate is added 
to tannic acid, as long as any precipitate is formed. The precipitate 
yields 25 p. c. Fe 2 0 3 , r \ of which is present as protoxide. (Wittstein.) 

On ferric tannate, see further Wmckler ( Repert . 95, 77) ; Collomb [Rev. sclent. 
16, 477); Wackenroder (27. Br. Arch. 27, 269); Geiseler (IV. Br. Arch. 89, 165). 

Cobalt-salts are precipitated yellowish white by infusion of galls ; 
nickel-salts greenish- white. 

Cupric Tannate. — Cupric hydrate abstracts tannic acid from its 
aqueous solution. (Berzelius.) — The salt is obtained by double decom- 
position in grey-brown flocks, which are reddish- white or brownish- 
grey, according as the tannic acid or the copper-salt is in excess. Tt 
is dissolved by potash, with separation of cuprous oxide ; completely 
by ammonia, only when the tannic acid is in excess ; the latter solution 
is not altered by hydrosulphuric acid. (Wackenroder.) 

Mercurous Tannate. Mercurous oxide abstracts tannic acid from its 
aqueous solution; mercurous salts are precipitated by tannic acid 
(Berzelius). From mercurous nitrate, tannate of potash precipitates 
a powder which is nearly white at first (yellow, soon turning green, accord- 
ing to Wackenroder), which darkens on standing, appears yellow-green 
when dry, and contains 44*96 p. c. Hg 2 0. It is not soluble either in 
hot or in cold water, even after addition of tannic acid. Aqueous 
ammonia converts it into black ammomo-mercurous tannate containing 
76*78 p. c. Hg 2 0. (Harff.) 

Mercuric Tannate. — Tannic acid is precipitated from its aqueous 
solution by mercuric oxide. It precipitates mercuric salts, excepting 
the chloride (Berzelius). From mercuric nitrate it throws down a 
thick, brick-red precipitate, which is insoluble in excess of the pre- 
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cipitant, and on standing 1 acquires a dirty yellow colour, and is found 
to contain mercurous oxide ( W ackenroder). TIlc precipitate thrown 
down from mercurous nitrate by taunatc of potash is light yellow at 
first, but becomes darker after a while, yellow-brown on drying, and 
contains 32*13 p. c. ITgO. Caustic ammonia poured upon it converts 
it into dark brown, nearly tasteless ammonio -mercuric tannate, con- 
taining 64*64 p. c. HgO. (Harff, N, J3r. Arch. 5, 294.) 

Oxide and nitrate of silver form black-brown precipitates with 
aqueous tannic acid (Berzelius, Fr. Muller). — From bichloride of 
platinum , infusion of galls throws down pale yellow flocks (Pfaff). 

Tannic acid dissolves in hydrated , more abundantly than in absolute 
alcohol (Pelouze). — According to Pelouze, Bolley and Luboldt, it dis- 
solves but sparingly in anhydrous ether , and, according to Strecker and 
others, remains perfectly pulverulent when covered with it, while, 
according to Mohr, it dissolves in considerable quantity. With ether 
containing water , it forms, after some seconds, a very heavy liquid, like 
that which separates in the preparation of tannic acid, as described at 
page 453 of this volume. Of the two layers thus formed, the lower 
consists of tannic acid, which has taken up the water of the ether, and 
only a very small quantity of ether, while the upper layer contains 
ether, a small quantity of tannic acid, and the foreign substances taken 
up with it (Pelouze). When tannic acid dried at 110°, is covered with 
anhydrous ether, the solution standing above the excess of pulverised 
tannic acid, after being agitated for a considerable time, contains in 
solution only 0*206 p. c. at 5°, and 0*384 p. c. at ordinary tempera- 
tures. On adding to the ether half a volume per cent, of water, the 
tannic acid, which has hitherto been greyish-yellow and pulverulent, 
deliquesces to brownish lumps, and on addition of a few drops more 
water, to a syrup. After addition of 1 volume per cent, of water, the 
supernatant ether contains 1*2 p. c. tannic acid in solution. On con- 
tinuously dropping water into the mixture and agitating, three layers 
are formed, the lowest of which is syrupy, and contains 0*297 grm. 
tannic acid in a cubic centimetre. The middle layer is somewhat 
lighter than the lowest, and contains in a cubic centimetre 0*082 grm. 
tannic acid dissolved in a large quantity of water and a small quantity 
of other. The syrupy layer contains both ether and water, and is 
perhaps a tannate of ether and water, analogous to sulphovinic acid 
(Bolley, Chem. Soc. Q. J. 13, 295 ; Ann. Pharm. 115. 63). 

Tannic acid (crude) dried at 150° remains pulverulent when covered 
with 10 pts. of anhydrous other, while the supernatant ether takes up 
2 or 3 p. c. of solid constituents, chiefly the foreign substances mixed 
with the tannic acid. Water, either present in the tannic acid or the 
ether, or subsequently added, is greedily absorbed by the tannic acid, and 
causes it to deliquesce to a viscid mass or a syrup, which does not 
mix with the excess of ether. When a solution of 100 pts. tannic 
acid in 100 pts. water is mixed with 350 pts. ether, the liquid, if 
agitated and left at rest at a temperature of 18°, separates into three 
layers, the lowest of which has a sp. gr. of 1*07, takes up half the total 
space, and contains 40*5 p, c. tannic acid, 42*2 ether, and 37*3 water. 
The middle layer, which has a density of 1*02, contains 14*15 p. c. tan- 
nic acid, 10*09 ether, and 75*76 water; the uppermost, of density 
0*752, is chiefly ether, containing insolation small quantities of foreign 
matters and water. Also, when 20 grms. tannic acid, 39 grins, ether 
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and 20 grins, crater arc shaken up together and then left at rest, three 
layers are formed, the lowest of which increases by continual agitation 
at 14*5°, at the expense of the upper, till it occupies 30*5 and the 
upper 17*5 pts. of the entire space, the middle layer, which remains 
unaltered, occupying 20 pts. The bottom layer, when removed with 
the pipette, is found to be soluble in 4*5 to 5*5 pts. of water, more 
abundantly in lukewarm than in cold water. But if water be added to 
the mixture as it stands, divided into three layers, a quantity equal to 
11 times the volume of the bottom layer will be required to dissolve 
it (the top layer at the same time diminishing to |) because the water 
dissolves the bottom layer only so far as it can take up ether. Water 
saturated with ether dissolves only 4 of the bottom layer. The bottom 
layer is therefore hydrated tannic acid containing' ether in solution ; 
the middle layer is water containing ether and tannic acid ; and the 
top layer is ether which has taken up watet', tannic acid, and the foreign 
constituents (Luboldt, J. p?\ Chem. 77, 357). According to Mohr, on 
the contrary (Ann. JPharm . Cl, 352), the lowest of the three layers 
contains tannic acid dissolved in water ; the middle layer, tannic acid 
dissolved in ether. This statement, and another made by Mohr, to the 
effect that tannic acid deliquesces to a syrup in anhydrous ether, and 
that by addition of more tannic acid, the ether may bo completely con- 
verted into this syrup, are not reconcilable with the experiments 
above described. (See also Guibourt & Robiquet loc. cit. ; Sandrock, N. JJr. Arch. 
72, 265.) 

The viscid syrup which separates at the bottom of the mixture of 
tannic acid, water, and ether, unites with the supernatant ether on 
addition of alcohol to a thin filterable liquid (Mohr). 

Tannic acid dissolves in acetone , wuth evolution of heat, the solution 
drying up to a jelly and leaving a powder which has the aspect of 
tannic acid (Knop). 

Tannic Acid with Acetone and Ammonia. — Tannic acid is dissolved in 
4 or 5 pts. acetone, the solution is heated to the boiling point, and 
aqueous ammonia is added, with agitation, till the liquid smells strongly 
of it. Two layers are then formed, the lower of which is to be 
repeatedly stirred up with absolute alcohol (whereupon it becomes 
pasty, and ultimately solid and f liable), collected on a. filter, pressed, 
and placed over oil of vitriol, before it can take up water from the ah*. 
The mass, which becomes brittle in 24 hours, is triturated and dried for 
a month over chloride of calcium. White or brownish powder having* 
the taste and the other characters of tannic acid. Soluble in water, 
not in absolute alcohol. Contains from 49‘2 to 50*15 p. c. carbon, 
4-7 to 5*5 hydrogen, and 2*8 to 3*5 nitrogen, whence Knop calculates 
the formula C 42 H 25 N0 26 = 2C 18 I1 8 0 13 + C°E 6 0 2 4 NH 3 (Knop, Ohm. 
Centr. 1860, 278; abstr. Rep. Ghim. pure, 2, 372). Till the presence of 
acetone in this compound has been actually demonstrated, we may be allowed to regard 
it as tannate of ammonia (p. 463). Kr. 

Tannic acid does not unite with urea. (Hlasiwetz Wien. Alcad . 
Per. 20, 208). — It does not dissolve in picamar (p. 162) even at the 
boiling heat (Reichenbaeh, Schw. 68 , 355). — It dissolves in 6 pts. 
glycerin (Cap & Garot, A T . J. Pham. 26, 81 ; Pham. Viertdj. 4, 271); 
in Mter-almond oil in almost all proportions, the solution, which turns 
brown in contact with the ah’, slowly depositing crystals of benzoic 
acid (Knop). It dissolves in other oils, both fixed and volatile. 
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Tannic acid precipitates the alkaloids from their saline solutions 
(see vii, 185). It precipitates starch-solution and albumin. — From 
solution of gelatin , it throws down a white precipitate, which dissolves 
in excess of the gelatin, especially when heated ; if obtained with 
excess of tannic acid, it presents the aspect of a grey, highly elastic, 
not perfectly soluble skin. Addition of a large quantity of common 
salt makes the tannato of gelatin quite (Wackenroder) or nearly 
insoluble (Fr. Muller). Tannic acid unites with animal shin [but not 
in atomic proportion (Knop, DingL 149, 305 and 378)], forming tanned 
leather. 


Appendix to Gallo-tannic Acid. 

A . — Morintannic Acid and Morin. 

Morintannic Acid. 

C 18 H 8 0 10 ? 

R, Wagnejr (1850). J. pr. Ghem. 6 1,82; abstr. Pharm. Gentr. 1851, 

33 ; Ann. Pharm. 7G, 349. — J. pr. Ghem. 52, 449 ; abstr. Aim. 

Pharm. 80, 315; Pharm. Gentr . 1851, 385 and 406; N. J. Pharm. 

22, 66 ; Gompt . cl dm. 1851, 104. 

Different from the Moringic acid of Walter ( Co nipt. rend. 22, 1143). According 
to Delffs (iV. J. Pharm . 14, 166; Kopp's Jahresber. 1860, 278), morintannic acid is 
a mixture of a yellow uncrystallisable tannin with morin, and may be converted into 
colourless morin by recrystallisation from water. 

Occurrence. In the yellow wood of Madura tinctoria (JFIandb, viii, 
Zoochem. 76.) The deposit in the middle of the blocks consists chiefly 
of this acid. 

Formation. Rufimoric acid is converted into morintannic acid by 
boiling with aqueous alkalis. 

Preparation. The block is split lengthwise, and the dirty yellow, 
hero and there flesh-coloured lumps, having a red-brown crystalline 
fracture, which are deposited in the middle of it, are separated with a 
chisel. They are purified by repeated crystallisation from boiling 
water, and then dissolved in a larger quantity of boiling water acidu- 
lated with hydrochloric acid. Tiie solution, which becomes turbid on 
cooling, in consequence of the separation of a reddish resin, is repeat- 
edly Altered till it remains clear, then left to itself, the acid slowly 
separating in the form of a light yellow crystalline powder. 

Properties. Light yellow powder consisting of microscopic, pale 
yellow, transparent needles. Has a sweetish astringent taste, like the 
inner bark of the walnut. Reddens litmus. 

Wagner. 

at 100°, mean . 

38 C 108 55*10 55*17 

8 II 8 4*08 4*41 

]Q 0 80 40*82 40*42 

C 18 H 8 0 10 .... 196 ........ 100*00 100*00 
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Isomeric with morin. — Gerliardt ( Traite , 3, 889) regards the formulae C 28 H 12 0 16 
and C'^H^O 30 as likewise possible. Illasiwetz (Ann. Pharm. 107, 247) suggests the 
formula C 14 H 6 0 8 , regarding morintannic acid as probably homologous with leeanoric 
acid (xii, 577) and evernic acid. Hlasiwetz’s formula would explain the resolution of 
morintannic acid into carbonic acid and pyrocatechiii, C l4 H ,5 0' s = 2CO- + C 12 H°0' 1 . — 
Respecting the formula of morintannic acid, see also Laurent (Compt. rend. 35, 161) 
and Wagner's reply (J. pr. Chem. 57, 441), also Strecker (Ann. Pharm. 90, 372). 

Decompositions. 1. The acid dried at 100°, melts in the metal-bath 
at 200°, gives off at 250°, a strongly acid water, and is converted 
into a brown-black liquid, which decomposes completely between 
270° and 300°, evolving a large quantity of carbonic acid, and yielding 
a brown distillate, consisting of carbolic acid and pyrocateohin 
(xi, 379) the latter solidifying in the crystalline form on cooling. 
Wagner at first doubted the identity of the crystals with pyrocatechin, but Eissfeldt 
(Ann. Pharm. 92, 106) confirmed it. — Morintannic acid distilled with excess of lime 
yields a liquid soluble in water, and containing pyrocatechin. — 2. When aqueous 
morintannic acid is left for three months in a closed vessel exposed to 
the sun, the smell and taste of carbolic acid are developed, and the liquid 
yields that acid when distilled. - — 3. Morintannic acid triturated with 
oil of vitriol forms a brown-yellow solution, which after standing for 
some time, deposits brick-red rufi tannic acid, and when heated, gives 
off sulphurous acid with a strong odour of carbolic acid. No sugar is 
formed in this reaction, or only a trace after very long boiling with 
dilute sulphuric acid. (Wagner, J. pr. Chem. 57, 442, and 61, 504.) — 
4. Chlorine passed into aqueous morintannic acid forms a brown resin. 
— 5. Morintannic acid, boiled for some time with strong hydrochloric 
acid, emits the odour of carbolic acid, and decomposes completely, with 
separation of mould. On boiling it with dilute hydrochloric acid, a red 
solution is formed, which, after a few days, deposits rufimoric acid. • — 
6. With boiling dilute nitric acid , it forms a brown resin soluble in hot 
alcohol, together with oxalic acid. The red-brown solution in strong 
nitric acid yields, on evaporation, pale yellow plates of styphnic acid 
(xi, 228). — 7. The dark yellow solution of morintannic acid in caustic or 
carbonated alkalis soon turns brown, and afterwards brown-black when 
exposed to the air. — 8. The acid detonates violently when triturated 
with chlorate of potash. — 9. When triturated with peroxide of manga- 
nese and sulphuric add, it rapidly gives off carbonic acid, and is com- 
pletely decomposed, with production of formic acid. — 10. When, 
aqueous morintannic acid is boiled with peroxide of lead , the latter 
assumes a reddish yellow colour, the liquid becomes decolorised, and 
retains only a trace of lead in solution, and the resulting insoluble lead- 
salt, decomposed by hydrosulpliuric acid, yields a humous acid. The acid 
triturated with dry peroxide of lead, takes lire, emits sparks, and gives 
off a pungent odour. — 11. It is completely destroyed by chromic acid, 
giving off the odour of carbolic acid, and forms a red-brown precipi- 
tate when heated with aqueous bichromate of potash. — 12. Heated 
with aqueous cupric acetate , it deposits cuprous oxide; it reduces 
mercuric chloride to mercurous oxide, after heating with potash; 
carbonate of silver even in the cold ; nitrate of silver , after boiling with 
ammonia; terchloride of gold in the cold. — 13. Boiled with ferrocyanide 
of potassium , it eliminates prussic acid, and deposits yellow-brown 
flocks. When boiled for some time with ferricyanide of potassium , 
it gives off a large quantity of prussic acid, and separates prussian 
blue. 
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Combinations. Morlntannic acid dissolves in 6*4 pts. water at 20°, and 
in 2*14 pts. boiling water, forming a yellow solution. — The aqueous acid 
is not altered by phosphoric , sulphuric , hydrochloric , or arsenic acid , being 
thereby distinguished from gallotannic acid. The solution of the acid 
in boiling water, mixed with boracic acid , yields, on cooling, a jelly made 
up of extremely fine lamina?. 

Morintannic expels carbonic acid from alkaline and earthy carbonates 
at the boiling heat, but not in the cold ; also prussic acid from cyanide 
of potassium , It dissolves with deep yellow colour in caustic alkalis 
and alkaline carbonates . 

Morintannate of Lime . — Aqueous morintannic acid is boiled with 
carbonate of lime, as long as carbonic acid continues to escape ; the 
liquid is filtered at the boiling heat ; the yellow-brown flocks which 
separate after some hours, are collected on a filter and dissolved in 
alcohol ; and the filtered solution is precipitated by pouring it into ten 
times its volume of water. The yellow microscopic crystals which 
then fall to the bottom, contain, after pressing and drying at 100°, 
7*7 p. c. lime, and after one recrystallisation, 7*18 p. c. (Ca0,2C 18 Ii 6 0 8 
+ HO — 7*12 p. c. OaO.) — This salt exactly resembles the lime-com- 
pound of moriri (p. 479) in appearance, and in its behaviour when 
heated and towards solvents, but it is precipitated blackish green by 
aqueous ferric chloride, whereas the lime-compound of morin is reddened 
thereby. 

Morintannic acid precipitates tartar-emetic yellow-brown ; protochlo- 
ride of tin reddish yellow. 

Morintannate of Lead. — a. Bibasic ? — When a boiling aqueous solu- 
tion of morintannic acid is precipitated by basic acetate of lead, the 
chrome-yellow, non-crystalline precipitate contains, after washing and 
drying, from 56*9 to 57*5 p. c. lead-oxide (2Pb0,C 18 Il 8 0 6 = 55*5 p. c. 
PbO.) 

b, 4 at. Base to 3 at. Acid ? — 1. The aqueous acid is precipitated 
by neutral acetate of lead; the chrome-yellow precipitate is dissolved 
hi boiling water ; and the lemon-yellow crystalline powder which pre- 
cipitates on cooling, is collected. The filtered mother-liquor, when 
left to stand for some time, deposits flocks of variable composition, 
which constitute the sole product, if the boiling has been too long 
continued. — 2. When hydrate of lead is boiled with the aqueous 
acid, and filtered hot, crystals are likewise obtained, and the mother- 
liquor turns brown from partial decomposition. The salt is likewise 
coloured dark-brown by dilute nitric acid. 



at 100°. 


Wagner. 

54 C 

..... 324 

.... 32*17 ... 

32*01 

21 H 

21 

.... 2*08 ... 

2*17 

27 0 

216 

... 21*45 ... 

21*55 

4 PbO 

446 

.... 44*30 ... 

..... 44*27 

3C 13 JH70 9 ,4Pb0 

1007 

... 100*00 ... 

100*00 


Gerhardt (TraiU, 3, 891) resolves this formula into 3C 36 H 12 Pb s 0 18 + 2(PbO,HO) 
+ 4aq. 
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Aqueous morintannic acid forms a green-black precipitate with 
ferrous sulphate , soluble with yellow-brown colour in acetic acid. From 
excess of ferric hjdrochlorate it throws down a black-green precipitate, 
which, after washing and drying at 100°, contains 13*2 p. c. ferric 
oxide (Fe 2 0 3 .,3C ls H 5 0 7 = 13*S p. c. Fe 2 0 3 ), It forms a yellow-brown precipi- 
tate, with protochloride of tin , and throws down yellow flocks after a 
while from the bichloride . 

It dissolves easily in wood-spirit^ alcohol , and ether. The concen- 
trated ethereal solution is greenish by reflected, yellow-brown by trans- 
mitted light. — It is insoluble in rock-oil , oil of turpentine and fixed oils , 
— It is completely precipitated by solution of gelatin (Wagner). 


Rufimoric Acid. 

C u I-F0 8 ? 


Wagner. J . pr. Chcm. 52, 462. 

Formation. When morintannic acid is dissolved in oil of vitriol or 
boiled with hydrochloric acid. The reaction is not attended with the 
evolution of any gas except traces of sulphurous acid. 

Proportion . 1. Pulverised morintannic acid is triturated with oil of 
vitriol ; the brick-red mass which separates after standing for some 
time is collected, w T ashed with cold water till the water scarcely red- 
dens litmus, then dissolved in the smallest possible quantity of boiling 
alcohol ; the greater part of the alcohol is removed from the filtrate by 
evaporation ; and the rufimoric acid is precipitated by pouring the 
liquid into 50 times its volume of cold water. The bulky red flocks are 
washed on the filter with cold water, pressed between paper, and dried 
without warming. When the quantity of material is somewhat con- 
siderable, the precipitate coagulates into a viscid mass, which is apt to 
enclose sulphuric acid; hence it is better to operate with small quan- 
tities. — 2. The red solution obtained by digesting morintannic acid 
with oil of vitriol is diluted with water, exactly neutralised with car- 
bonate of soda, and acidulated with a few drops of acetic acid ; the 
boiling solution is precipitated with acetate of copper; and the red- 
brown precipitate is decomposed under water with hydrosulphurie acid. 
The greater part of the rufimoric acid then remains, mixed with the 
sulphide of copper, and may be extracted by boiling alcohol and 
obtained in tlic solid state by evaporating the alcoholic solution. 


Properties . Dark red mass, yielding a powder of a fine red colour. 
The solution has an acid reaction. 

Wagner. 

at 100°. mean. 

14 C 84 54*19 54*29 

7 IT. 7 4*52 4*54 

8 0 64 41*29 41*17 

C H H?0 8 155 100*00 100*00 


Perhaps indentical with carminic acid, (Wagner.) 
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Decompositions. 1. Rufimoric acid is not altered at 130°, but -when 
more strongly heated , it gives off vapours which partly condense to 
colourless crystals of pyrocatechin (xi, 379). — 2. Chlorine-water con- 
verts it into brown flocks. — 3. With hot nitric add , it forms a yellow 
solution containing oxalic acid, and an acid different from picric acid. — 
4. The dark red solution in potash-ky or baryta-water becomes dark 
yellow when boiled, the rufimoric acid being then converted into 
morintannic acid and the products of its decomposition by alkalis. 

Combinations. Rufimoric acid is but slightly soluble in pure water , 
but in presence of the smallest quantity of ammonia it dissolves in all 
proportions. — With oil of vitriol it forms a red solution, only partially 
precipitable by water. — It dissolves in hydrochloric acid. 

Rufimoric acid dissolves in alkalis and alkaline carbonates , forming 
a wine-red solution, which exhibits a tinge of yellow if morintannic 
acid is also present. The carmine-coloured solutions are but very 
slowly decolorised in contact with the air. Alcoholic potash, added to 
alcoholic rufimoric acid, throws down a dark red, viscid precipitate. — 
With chloride of barium, alum, or protochloride of tin (after addition of 
ammonia), it forms dark-red lakes. 

Dufimorate of Lead. — - The acid forms a dark red precipitate with 
neutral acetate of lead, clierry-red with nitrate of lead. The salt 
is prepared by precipitating the alcoholic solution of the acid with 
alcoholic acetate of lead, washing the precipitate with alcohol, and 
drying it at 100°. Dark scarlet powder, insoluble in water and alcohol, 
but soluble with yellow-red colour in acetic acid, with carmine-colour 
in potash-ley. Contains from 59*1 to 59*4 p. c. PbO., and is therefore 
perhaps 2PbO,C u IX 7 Q 8 (calc. 59*1 p. c. PbO). 

Rufimoric acid colours ferric hydrochlorate green, without forming a 
precipitate. 

Dufimorate of Copper. — The acid throws down from cupric acetate, 
brown-red flocks, which, after washing and drying at 100°, contain, on 
the average, 27-7 p. c. cupric oxide, and arc therefore 3CnO,2C 14 Il 7 G 8 
(calc. 27*75 p. c. CuO). 

Rufimoric acid forms a brown-red precipitate with mercurous 
nitrate , reddish with mercuric oxide . It does not precipitate nitrate of 
silver. 

It dissolves readily in alcohol, sparingly in ether. 


Morin. 

(MI 8 O t0 . 

Chevkeul, (1830). J. dim. mod. G, 158. — CMrrtie appliquee a la teinturc, 
2, 150. 

R. Wagner. J. pr. Chem. 51, 82 ; abstr. Pharm. Centr. 1851, 33 ; Ann. 
Pharm. 76, 347; Chem . Gaz. 1851, 21; N. J. Pharm. 19, 149.— 
J. pr. Chem. 52, 449 ; abstr. Ann. Pharm . 80, 315 ; Pharm. Centr . 
1851, 385 and 406 ; N. J. Pharm. 22, 66 ; Compt. chim. 1851, 104. 
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The yellow die from the yellow wood of Madura tindoria ( Handb . vili, 
Phytochem. 7 G). — Preisser's statements (p. 28; Comp. Rev . scient. 16, 57; J. pr. 
Chem. 32, 155). 

Preparation. The decoction of the yellow wood is evaporated to a 
weight equal to that of the wood employed, and, after a day or two, 
the yellow sediment is collected on a filter ; the filtrate concentrated 
and set aside, yields an additional quantity of this deposit, while 
morintannic acid remains in solution. On pressing the yellow sediment, 
dissolving it in boiling alcohol, and pouring the solution into ten times 
its volume of cold water, yellow-brown flocks of the lime-compound 
of morin are deposited ; they may be purified by washing them with 
cold water, dissolving them three or four times in alcohol, and pre- 
cipitating with water; 100 pts. of the lime-compound of morin thus 
obtained, are boiled with 12 pts. of oxalic acid crystals, and 15*60 pts. 
alcohol of 75 p. c. ; the liquid is filtered at the boiling heat into 100 
times its volume of water, and the morin, which separates in the form 
of a yellowish white crystalline powder, is redissolved in alcohol, 
reprecipitated by water, and dried at 100°, avoiding contact with the 
air. (Wagner.) 

Properties. White crystalline powder, which acquires a faint yellow 
colour in contact with air (containing ammonia). Exhibits a slight 
acid reaction in solution. Has a slightly bitter not astringent taste. 
(Wagner,) 

Wagner. 

mean. 

18 C 108 55*10 55*17 

8 H 8 ........ 4-08 4*15 

10 0 80 40*82 40*68 

C 18 H s O l0 .... 196 100*00 ........ 100*00 

Isomeric with morintanmc acid (p. 473). Dellfs {Brit. A ssoc. Rep. 1861, pt. 2, 78) 
gives the formula C 14 H 5 0 6 + 2HO. 

Decompositions. 1. Morin gives off water when heated to 180°; it 
does not undergo any further alteration at 250°, but blackens at about 
300°, giving off carbonic acid, and yielding a distillate of carbolic acid 
and pyrocatechin (xi, 379), the latter of which solidifies in the crys- 
talline form on cooling. — 2. It dissolves in oil of vitriol , with dark 
yellow-brown colour, and the odour of castoroum ; the solution deposits 
a red body when warmed or left at rest, and decomposes when 
heated, givingoff sulphurous and carbolic acids. — 3. With strong nitric 
acid it forms a red solution, which, when evaporated, gives off red 
vapours, and deposits large yellowish- white tables of styphnie acid. 
— 4. The aqueous solution of morin does not absorb oxygen from the 
air; but if mixed with ammonia , it turns brown, and blackens in con- 
tact with the air; acids then precipitate from it, not morin, but a 
humous substance, perhaps mot agallic acid (p. 458). — 5, From cupric 
acetate or sulphate , it reduces cuprous oxide on boiling with potash. 
It reduces nitrate of silver , especially after addition of ammonia. 
(Wagner.) 

Combinations. Morin dissolves in 4000 parts of cold, and in 1060 pts. 
of boiling* water. It dissolves without colour in aqueous sulphuric , 
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hydrochloric , phosphoric , acetic^ oxalic , or tartaric acid. It dissolves with 
yellow colour in oil of vitriol , and is precipitated by water. — It dis- 
solves with fine yellow colour in aqueous solutions of alkalis and 
alkaline carbonates. Aqueous inorin containing' traces of fixed alkalis 
turns yellow in the air, from absorption of ammonia. 

Baryta-compound of Morin. — When morin is boiled with recently 
precipitated carbonate of baryta and water, the filtrate leaves on 
evaporation, a red-brown powder, which, at 100° contains, on the 
average, 22*2 p. c. baryta, agreeing approximately with the formula 
C 72 H S2 O 40 ,3BaO. (Wagner). 

Lime-compound . — The lime-compound of morin, which is obtained 
from the decoction of yellow wood, and separates from alcohol in 
sulphur-yellow crystals, gives off 2 at. water at 100°, and then con- 
tains 6*83 p. c. lime, agreeing nearly with the formula 2C 18 H 6 0 8 ,CaO,HO 
(calc. 7*12 p. c. CaO.) (Wagner). 

Aqueous morin precipitates alum-solutions light yellow, after addition 
of ammonia. 

Lead-compound. Alcoholic morin added to alcoholic acetate of lead, 
produces a light yellow precipitate, which becomes black-brown when 
dry, and contains 44*1, 45*6 to 47'2 p. c. lead-oxide. (Wagner.) 

Aqueous morin forms a lemon-yellow precipitate with proto- 
chloride of tin . It precipitates ferrous sulphate olive-green, and colours 
ferric chloride garnet-red (or in presence of morintannic acid, blackish 
green.) 

Morin dissolves easily in alcohol , forming a dark yellow solution, 
from which it is precipitated by water. It dissolves readily in ether. 
(Wagner.) According to Chevreul, it is precipitated from its aqueous solution by 
solution of gelatin; according to Wagner it is not. 


B . — Tannic Acids ( and allied bodies) from Cinchona-barks. 

1. Cinchonataimic Acid. 

C u n 8 0 2 ? 


Berzelius. Lehrbuch , 3 Aufl. 6, 246- 
Pelletier & Cavkntou. Ann. Ohm. Phys. 15, 337. 

R. Schwarz. Wien. Akad. Ber. 7, 249; J. pr. Chem. 56, 76; abstr. 

Ann. Pharm. 80, 330 ; Pharm. Centr . 1852, 193. 

Cinchona-barks contain a tannic acid different from gallotannic 
acid, which imparts to them the property of precipitating tartar-emetic 
greyish yellow, imparting a green colour to ferric salts, and pre- 
cipitating solution of gelatin. (Berzelius). — The tannin, both from 
brown and from red cinchona-bark precipitates ferric salts dark green ; 
that from yellow cinchona bark forms a lighter green precipitate with 
ferric salts. (Pelletier & Caventou.) — Schwarz examined quinotannic acid 
prepared from China regia. 
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Preparation. 1. The decoction of cinchona bark is mixed with a small 
quantity of calcined magnesia, which precipitates cinchona-red ; the 
liltrate is precipitated with neutral acetate of lead; the precipitate is 
decomposed underwater by hydrosulphuric acid; the liquid filtered 
from the sulphide of lead (chinovin and a little cinchona-red) is pre- 
cipitated with basic acetate of lead; the precipitate separated by 
filtration is dissolved in dilute acetic acid (which leaves cinchona-rod 
nndissolved), and the filtrate is precipitated by ammonia. The light 
yellow precipitate is washed and decomposed by hydrosulphuric acid, 
and the liquid filtered from the sulphide of lead is again precipitated 
with an alcoholic solution of neutral acetate of lead. If the cinchona- 
tannate of lead thus obtained be decomposed under water by hydro- 
sulphuric acid, and the liquid, filtered from the sulphide of lead, 
evaporated in vacuo over oil of vitriol and a mixture of ferrous 
sulphate and lumps of potash, cinchonataimic acid remains behind, 
already somewhat altered. (Schwarz.) — 2. The bark is exhausted 
with water at 60°, containing’ 1 or 2 p. c. oil of vitriol; the filtrate is 
mixed with carbonate of potash, which throws down a compound of 
cincliouatannic acid with excess of quinine or cinchonine ; and this com- 
pound is washed on the filter with a small quantity of water, during* 
which it turns red in consequence of the oxidation of part of the 
tannic acid; it is then dissolved in dilute acetic acid, the oxidised 
extractive matter remaining* in combination with the acetic acid ; the 
liquid is precipitated with basic acetate of lead (the colourless solution 
retaining quinine and cinchonine, which may be further worked up) ; the precipi- 
tated cinchonatannate of lead is decomposed by hydrosulphuric acid ; 
and the filtrate is evaporated in vacuo. (Berzelius.) Or the above- 
mentioned acid extract is boiled with hydrate of magnesia ; the liquid 
is filtered; the residue containing magnesia, cinchonatannic acid, 
quinine, and cinchonine, is dissolved in dilute acetic acid ; the solution 
filtered from the cinchona-red, is precipitated by basic acetate of 
lead ; and the precipitate is decomposed as above. (Berzelius.) 

The cinchonatannic acid obtained by method 2, may he purified by 
dissolving it in a small quantity of water, and evaporating* the filtrate 
in vacuo, — or better by solution in ether and evaporation. (Berzelius.) 

Properties. Light yellow, friable, very hygroscopic mass, which 
becomes electric by friction. Has a slightly soitr, somewhat asfcri agent 
taste, but is not at all bitter. 

Calculation according to Schwarz. Schwarz, 


42 C 

252 ... 

44-84 ... 

.... 44*75 

30 H 

30 ... 

5*33 ... 

5*49 

35 0 

280 ... 

49-83 ... 

49*76 

C42JP0Q35 

562 .... 

100*00 ..., 

100*00 


Schwarz regards the substance analysed as a mixture of 2 at. oxidised tannic acid 
C 14 !! 10 !) 12 , and 1 at. unaltered tannic acid C 14 H 8 0 9 + 2aq, 

Decompositions. 1. Cinchonatannic acid heated to 100° in a stream 
of carbonic acid, acquires a deep red colour ; if water be then poured 
upon it, a red-brown resin separates. (Schwarz.) When subjected to 
dry distillation, it emits a faint odour of carbolic acid, and yields a 
distillate, which exhibits towards alkalis in contact with the air, and 
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towards ferric chloride, the same reactions as pyrocatechiu (xi, 879). 
(Schwarz.) — 2. Its aqueous solution, when evaporated by heat, deposits 
a red-brown powder ; after the residue has been exhausted with water, 
a compound of cinehonatanuic acid with cinchona-red remains undis- 
solved ; and finally the acid is completely converted into cinchona-red. 
(Berzelius.) — The aqueous solution of cinchonatannic acid, especially 
if supersaturated with alkalis or alkaline earths, absorbs oxygen, 
and acquires a darker colour. (Berzelius.) In this reaction, products 
are formed, which may be regarded as compounds of a body contain- 
ing C 13 H 7 O fi , with oxygen and water. (Schwarz.) 

a. Aqueous cinchonatannic acid deposits, on addition of water, a red- 
brown substance, which, when washed and dried at 100°, contains 55*85 
p. c. carbon, 5*68 hydrogen, and 88*97 oxygen, and may he represented, 
according* to Schwarz, by the formula C 36 H 23 0 19 , or 8C 12 H 7 0 6 4- HO. 
(calc. 55*38 p. c. C., 5*64 H., and 38*93 0.) From the filtrate, dilute 
sulphuric acid separated red flocks, easily soluble in alcohol, and 
sparingly in water, and containing* at 100°, 88*87 p. c. C., 4*81 H., 
and 56*32 O.: according to Schwarz = C 12 II 9 0 13 , or = C 13 II 7 0 n + 2aq. 
(calc. 38*91 C., 4*86 H., and 56*23 0.) — b. Cinchonatannic acid in contact 
with air and ammonia, rapidly absorbs oxygen, then, on addition of 
dilute sulphuric acid, gives off carbonic acid— the volume of which, 
however, is less than that of the oxygen absorbed — and deposits red- 
brown flocks, probably consisting of cinchona-red. — c. Cinchonatan- 
iiate of lead dried at 100°, in contact with the air, was found to 
contain 54*8 p. c. PbO., and, after deduction of this, 47*92 p. c. 0., 
4*85 11., and 47*23 O., showing that it had been converted into C 13 IP0 9 
(calc. 47*67 p. c. C., 4*63 H., and 47*70 O.). (Schwarz.) 

8. Cinchonatannic acid, heated with aqueous hydrochloric acid , is de- 
composed, with separation of red flocks, which dissolve with leek-green 
colour in aqueous alkalis. (Schwarz.) — 4. When heated with potash- 
ley it loses the power of precipitating gelatin, and does not recover that 
power even after supersaturation with acids. (Pelletier & Caventou.) 

Cinchonatannic acid dissolves readily in water. 

From the concentrated aqueous solution, hydrochloric and sulphuric 
acids throw down compounds of cinchonatannic acid with the acids, but 
less easily than from aqueous gallotannic acid. (Berzelius.) 

It unites with bases, forming easily alterable salts, which split up 
into cinchona-red and a carbonate, especially if they contain excess of 
base. (Berzelius-) From a concentrated aqueous solution of cinchona- 
tannic acid, carbonate of potash throws down a sparingly soluble 
compound which soon turns red. (Berzelius.) 

Cinchomtannate of Lead. Preparation, see above. The salt, dried in 
vacuo over oil of vitriol and a moist mixture of ferrous sulphate and 
lumps of potash, contains 53*5 p. c. lead-oxide, and after deduction 
of this, 55*70 p. c. C., 4*60 H. and 89*70 O., and is, therefore, C S8 H 18 0 15 
(calc. 55*81 0., 4*31 H., 39*88 O.) + 3PbO. (Schwarz.) The lead-salt dried 
at 100° contains 49*20 p. c. lead-oxide. (Keichhardt.) 

Cinchonatannic acid dissolves easily in alcohol and ether. (Berzelius.) 
With starch, gelatin , and white of egg , it behaves like gallotannic acid. 
The aqueous solution mixed with the latter acid, dries up to a trans- 
parent extract* (Berzelius.) 
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2. Cinchona-red., 

Pelletier & Caventou. Ann. Chun. Phgs. 15, 315. 

R. ScnwATtz. Wien. Ahcul Per. 7 , 255. ' 

He iciiit ardt. Ueber die chemischcn BedandtheUe dev Chin art nden , 

Rraunschw. 1855. 

Oxidised Tannin of Cinchona -lark, Rouge cinchonique, Mctliere eoloranie rouge 
(hi Quinquina. — Tteuss (Gait. Anz. 1812, 601) first distinguished the non-bitter 
constituent, insoluble in water, of the alcoholic extract of cinchona-bark, by the name 
of Rouge cinchonique. The cinchona-red of Schwarz exhibits different properties from 
that of Pelletier & Caventou, the difference arising, according to Schwarz, from the 
presence of humous substances; but, according to lleichhardt (I Tien. A had. Ber. 
30, 169), pure cinchona-red was obtained only by Schwarz, whereas that of Pelletier & 
Caventou likewise contained quinovine. — Guiraud-Boissenot (JV. J. Phann . 25, 109) 
distinguished between soluble and insoluble cinchona-red. 


Formation. From omohonataiiuio add by oxidation (p. 481), 

Occurrence. In brown, red and yellow cinchona-bark. (Pelletier & 
Caventou.) In Cinchona regia. (Schwarz.) Most abundantly in Cin- 
chona rubra , less in Cinchona regia and C. flam fibrosa , not at all in 
I-Iuanoco cinchona. (Reichhardt.) According* to llcichol ( Ueber China - 
rinden und deren chemmhen Bestandtheile, Leipz. 185G), it occurs also in 
the latter. The extract of Cinchona rubra prepared with water 
acidulated with sulphuric acid, deposits cinchona- red on standing. 
(Reichhardt). — Cinchona-red occurs also in Carapa-bark from Cay- 
enne, perhaps obtained from a Personia (Petroz & Robinet, J. Phann . 
7, 349). — ' A red colouring' matter, obtained by Caventou (JST. J, Phann. 
1C, 300) from the bark of Suitenia senegalensis exhibits a certain degree 
of similarity to cinchona-bark. 

Preparation. 1. Pelletier & Caventou exhausPtho bark with alcohol ; 
evaporate the tincture to dryness; boil the residue repeatedly, first 
with acidulated, then with pure water; and extract the fat with ei her, 
the cinchona-red then remaining behind. — 2. The powder of Cinchona 
rubra , exhausted with water containing sulphuric acid and with ether, 
is digested four times with alcohol of 90 p. a, or as long as the alcohol 
runs away coloured; the tinctures are evaporated ; and the residue is 
purified by re-solution in alcohol and evaporation (Reichhardt), 

3. The bark of Cinchona regia , previously exhausted with water, is 
digested with dilute aqueous ammonia; the red-brown liquid is pre- 
cipitated with hydrochloric acid ; the red-brown Hocks ’ containing 
quinovine and cinchona-red, are collected, washed, and boiled with 
thin milk of lime, a compound of quinovine and lime then passing into 
solution, whilst cinchona-red, together with lime, remains in the 
residue. This residue is washed with boiling water and decomposed 
by dilute sulphuric acid ; the cinchona-red thus separated is thoroughly 
washed, rechssolved in ammonia, and precipitated with hydrochloric 
acid the precipitate is washed and dissolved in alcohol; and the 
solution filtered from the insoluble matter is evaporated to dryness 
(Schwarz). 1 A 
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4. Reichel exhausts Huanoco cinchona-bark with alcohol of 95 p. c. 
evaporates the extract to dryness, and exhausts successively all the 
constituents that are soluble in ether and in water. 

Properties. Rod-brown, inodorous, tasteless, infusible mass (Pelletier 
& Caventou, Eeiehhardt). Chocolate-brown (Schwarz), brick-red 
(Guiraud-Boissenot), light red-brown, darker when prepared from 
Cinchona rubra (Reichel). 

Calculation according to Schwarz. Schwarz. 

at 100°. 

12 C 72 53*33 ... 53*03 

7 H 7 5*19 5*30 

7 0 5(1 41*48 41*01 

135 100*00 100*00 

According to Guiraud-Boissenot, it consists of C 14 I-I 8 0 6 , with traces of iron and 
lime. 

Decompositions . When moistened with water and heated , it gives 
off a beautiful purple-red vapour, condensing with the same colour, — 
then swells up, without actually melting, and yields a distillate con- 
sisting of a brown and afterwards black empyreumatic oil. The 
purple-red substance becomes more solid on cooling, then brown in 
contact with the air ; it dissolves in alcohol, and is precipitated there- 
from by water,— also in potash-ley, whence it is precipitated by acids, 
and with yellow colour in ether (Petroz k Robinet, J. Pharm , 7, 355), 
Cinchona-red yields by dry distillation pyrogallic acid, empyreumatic 
oil, and a carmine-coloured substance, soluble in ether and alcohol, in- 
soluble in water (Guiraud-Boissenot). * 

Cinchona-red dissolves very slightly in boiling water, forming a 
pale yellow solution, — somewhat more freely in acidulated water 
(Pelletier k Caventou). It is insoluble in water, sparingly soluble in 
dilute acids (Eeiehhardt). — It dissolves abundantly in aqueous 
ammonia , potash and soda , whence it is precipitated by acids. — The 
ammoiiiacal solution forms with chloride of calcium a precipitate of a 
fine red colour (Eeiehhardt, Reichel). With magnesia and alumina it 
forms fine red lakes, the solutions or which in acids do not precipitate 
gelatin. Prom the solution in acetic acid it is precipitated by basic 
acetate of lead (Pelletier k Caventou). The aqueous solution (Pelletier 
& Caventou) and the ammoniacal solution (Eeiehhardt) yield with 
tartar-emetic , a precipitate of a tine red colour. 

Cinchona-rod is insoluble in alcohol. According to Reichel, it is 
more or less soluble in alcohol, according to the variety of the bark 
and the mode of preparation. 

Insoluble or very slightly soluble in ether (Pelletier k Caventou and 
others). Dissolves easily in ether, forming a dark red solution 
(Schwarz). Dissolves easily in strong acetic add, and is precipitated 
therefrom for the most part by water (Pelletier k Caventou, Eeich- 
hardt). 

In the unaltered state, it is not precipitated by animal gelatin 
(Pelletier ,k Caventou), but its ammoniacal solution is precipitated 
thereby, after a while, on addition of alcohol (Eeiehhardt). — The 
solution of cinchona-red in aqueous potash or soda precipitates gelatin, 

2 i 2 
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"but not if it lias been heated. Oil the other hand, cinchona-red, mixed 
with ammonia, baryta or lime, precipitates gelatin, after being* heated, 
but not before (Pelletier & Oaventon). 


3. Lignoin, 

C 40 NH M O 16 . 


Reiche. Ueber Chinarinden mid derm Bestandihdle , Leipzig, 1856. 

0. Hesse. Ann. Phartn. 109, 341. 

The humous constituent of Huanoco cinchona bark, 

Cinchona-barh exhausted with ether, alcohol and water, ys re- 
peatedly digested with soda-ley ; the dark red-brown solution is pre- 
cipitated with hydrochloric acid; the precipitate is washed, redis- 
solved in soda-ley, and reprecipitated by dilute sulphuric acid ; and 
this precipitate is washed, first with acidulated, then with pure water, 
and dried at 100° (Reichel). 


Properties . Black-brown, easily friable mass, having but little 
lustre. . 


40 C 

.... 240 .... 

.... 59*25 .... 

Hesse. 
mean . 

.... 59*36 

23 H 

23 .... 

5*67 .... 

.... 5*86 

N 

14 ... 

3*47 ... 

3*52 

10 O 

. m 

128 .... 

31*61 ... 

..... 31*26 

C 40 H- y NO 10 .... 

405 ... 

100*00 ... 

100*00 


After deduction of 1*79 p. c. ash. — From Cinchona rubra , Reichel ( N Br. Arch . 
92, 9) likewise obtained lignoin, which however was found by analysis to contain 
61.5 p. c. G., 4*65 H. andN., besides oxygen. 

Lignoin, boiled with potash , gives off ammonia (Hesse) ; melted 
with potash, it likewise emits the odour of woodruff (Reichel). — It 
dissolves quickly in aqueous ammonia and in soda-ley (Reichel) ; also in 
aqueous alkaline carbonates , without taking up oxygen (HdSse). The 
ammoniacal solution is precipitated by acids , and throws down from 
lime- and baryta-salts a red brown jelly, — from lead-salts , a light flesh- 
coloured precipitate (Reichel). 

It is perfectly soluble in alcohol of 85 p. c. (Reichel). 


4. Quxnovatannic Acid, 

Hlasiwetz, Wien . Alcad. Per. 6, 266 ; abstr. Ann. Pharm. 79, 130. 
Occurrence . In the bark of Cinchona nova or sunnmmms. 
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Preparation. The aqueous decoction of the bark is precipitated 
with neutral acetate of lead ; the precipitate, which serves for the 
preparation of quinova-red, is removed ; and the filtrate is divided into 
three parts, one of which is completely precipitated with basic acetate 
of lead, and then mixed with the other two portions. The precipitate 
thus produced, containing* quinovinc, the remainder of the quinova-red, 
and a small quantity of quinovatannic acid (but scarcely available for 
the preparation of the latter), is also removed, and the liquid filtered 
therefrom is precipitated with basic acetate of lead. The washed pre- 
cipitate is decomposed under water by hydrosulphuric acid; the 
sulphide of lead is removed by filtration, and the hydrosulphuric acid, 
partly by warming the liquid, then completely by neutral acetate of 
lead ; the liquid is again filtered ; and the filtrate is mixed with a large 
quantity of strong alcohol, which throws down flocks of quinovatannate 
of lead. From this salt the acid is separated by hydrosulphuric acid, and 
the solution freed from sulphide of. lead is evaporated in a stream of 
carbonic acid. 

Amber-yellow, transparent, friable mass, having an astringent and 
somewhat bitter taste. 


28 C 

at 100°. 

.... 168 .... 

.... 52*01 .. 

Hlasiwetz. 

mean. 

51*82 

19 H 

.... 19 

.... 5*88 .. 

5*85 

17 0 

.... 136 

.... 42*11 .. 

42*33 

2C H H 9 0 8 + aq. 

.... 323 .... 

.... 100*00 .. 

100*00 


■ Decompositions. 1. When mixed with alkalis , it oxidises in contact 
with the air. — The aqueous solution left for some time in contact 
with the air deposits a red powder, soluble in ammonia and in 
alcohol, and probably consisting of quinova-red. — 2. By boiling for 
some time with dilute sulphuric acid , it is decomposed, with forma- 
tion of a substance which reduces an alkaline solution of cupric oxide, 
like glucose. — 3. In contact with cupric hydrate or acetate , it assumes 
a dark-greenish brown colour, the protoxide of copper being reduced 
to dioxide, and the acid oxidised to viridic acid. — 4. It reduces silver - 
and gold-salts. 

Combinations. Soluble in water. Turns brown in contact with 
ammonia , the colour gradually becoming darker. Does not precipitate 
tartar-emetic. 

Qimiovatannate of Lead. The aqueous acid does not precipitate 
neutral acetate of lead. The salt is prepared: 1, By precipitating 
the acid with basic acetate of lead, washing and drying at 100°. — 
2. By precipitating the alcoholic solution of the acid with alcoholic 
sugar of lead, washing the precipitate, and drying at 100°. 

According to 1. Hlasiwetz. According to 2. Hlasiwetz. 

mean. 

140C' 30*12 .... 29*99 28 C 26*25 .... 26*41 

89 H 3*18 .... 3*08 17 H 2*65 .... 2*67 

79 O 22*69 .... 22*67 15 O 18*75 .... 18*95 

11 PbO .... 44*01 .... 44*26 3 PbO .... 52*35 .... 51*97 


100‘fQ 100-00 


100*00 .... 300*00 
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No. 1 is regarded by Hlasiwetz as 10C 14 H 8 O 7 + llPbO + 9a(|. ; No, 2, as 
2(C 14 H 8 0 7 ,Pb0) + PbO,HO. — A third lead-salt contained 4C 14 H 8 0',PbQ. (Wien. 
AJcad . Ber . 6, 270.) 

Quinovatannic acid colours ferric hydrochlorate dark green. 

It dissolves in alcohol, not in ether. Does not precipitate solution of 
gelatin. 


5. Quinova-red. 

C l2 HW 


Pelletier & Caventou (1820). J* Pharm. 7, 111. 

Hlasiwetz. Wien. Ahad. Ber . 6 , 273 ; Ann. Pharm. 79, 138. 

Different from cinchona-red. Occurs ready-formed in large 
quantity in Cinchona nova . 

Formation. By tlio oxidation of quinovataunic acid (p. 4.85). 

Preparation. 1. The aqueous decoction, or the alcoholic extract of 
the bark, is precipitated with neutral acetate of lead ; the precipitate 
(which coutains scarcely any organic compound except quinova- 
red) is decomposed under water by hydrosulphuric acid; and the 
mixture of quinova-red and sulphide of lead is washed with water 
and boiled with a small quantity of alcohol. Prom the alcoholic 
filtrate, the quinova-red is precipitated by the addition of a large 
quantity of water (Hlasiwetz). — 2. The bark is digested with dilute 
aqueous ammonia, the filtrate is precipitated with hydrochloric acid ; 
and the precipitate is washed till the filtrate no longer turns iron-salts 
green, and therefore no longer contains quinovataunic acid. The 
residue is freed from admixed quinovine by boiling it 4 or 5 times 
with milk of lime ; the compound of quinova-red with lime, which is 
insoluble in water, is decomposed by hydrochloric acid ; the separated 
quinova-red is washed with water, and dissolved in dilute aqueous 
ammonia; and the solution is precipitated with hydrochloric acid. 
After washing out the hydrochloric acid with hot water, the precipi- 
tate is dissolved in alcohol, separated from the undissolvecl matter, 
and the pure quinova-red is precipitated by mixing the filtrate with, 
water (Hlasiwetz). 

Properties. Nearly black, shining resinous mass, yielding a dark 
red powder (Hlasiwetz). 

at 100°. Hlasiwetz. 

12 C 72 61*01 ........ 61*21 

6 H 6 5*09 5 08 

5 O.... 40 33*90 33*91 

C I2 H 6 0 5 118 100*00 100*00 

. O.. Hesse {Aim. Pharm . 109, 312) suggests the formula C«H S0 Q W (calc. 61*85 
p.o. C., 5*17 H., 32*98 O), having regard to that of lignoln (p, 484.) 
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By successive treatment with potash and acids, quinova-red is con- 
verted into a tannic acid (Pelletier & Caventou). — With nitric acid it 
forms oxalic acid (Pelletier & Caventou). 

Quinova-red is nearly insoluble in water . (Hlasiwetz.) It is not 
altered by dilute acids. It dissolves easily in aqueous ammonia , and in 
the fixed alkalis (Hlasiwetz), less easily than chinchona-red. (Pelletier & 
Caventou.) Forms insoluble compounds with baryta and lime . 
(Hlasiwetz). Does not precipitate tartar-emetic (Pelletier & Caventou). 

Alcoholic quinova-red is completely precipitated by alcoholic sugar 
of lead. The red-brown precipitate washed and dried at 100°, contains 
45*1 p. c. PbQ, 32*61 C., and 2*33 H., and, therefore, consists of oxide 
of lead and oxidised quinova-red C 24 IPO xl (Hlasiwetz). 

Quinova-red dissolves easily in alcohol and in ether. (Hlasiwetz.) 


0 . — Tannic Acids from Pin us Bylvestris and Bhlobapheue. 


1, Oxypinitannic Acid. 

0 M li 8 0 ft i 

Kawalieu, Wien. Ahead. Ber, 11, 354. 

Occurs about Christmas in the needles of Pirns sylvestris , and is 
obtained as a lead- salt in the preparation of pinipicrin (see below). The 
lead-salt is digested with acetic acid diluted with 8 pts. water ; the 
filtrate is precipitated with basic acetate of lead, which throws down 
a pure lead-salt; the washed precipitate is decomposed by hydro- 
sulphuric acid ; and the filtrate is evaporated over the water-bath. 

Grey or brown ish powflcr. Inodorous. Has a very astringent 
taste. 

t it 100°. Ivawalier. 

14 C 84 51*22 ........ 51*24 

8 H 8 4*87 4*08 

9 0 72 43*91 43*78 

C 14 H p O !> , 164 100*00 100*00 

After deduction of 1*6 p.c. ash. 

Decomposition . 1. Burns when heated on platinum-foil, leaving a 

residue of charcoal. — 2. After supersaturation with ammonia, it 
quickly absorbs oxygen from the air, and becomes dark-brown. — 3. By 
boiling with hydrochloric acid , it becomes turbid, and acquires the 
colour of carmine. Aqueous oxypinitannic acid, mixed with oil of 
vitriol , turns red, and deposits flocks on addition of water. On boiling 
it with dilute sulphuric acid, a red powder is precipitated, and after the 
removal of this powder and the acid, there remains in solution an 
amorphous substance, which contains 42*60 p. c. 0., and 6*80 H., and 
does not consist of sugar (ltochledcr & Kawalier, Wien. Ahead . Ber. 
29, 22). — 4, The ammonia-salt, mixed with nitrate of silver, becomes 
brown-red, and separates metallic silver when heated. 
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Combinations . The acid dissolves readily in water. The aqueous 
acid is coloured yellow by ammonia , and forms with baryta-water , a 
yellow liquid, which deposits red flocks when heated. It is coloured 
green by ferric chloride , and precipitates greenish-brown by sulphate 
of copper, and a small quantity of ammonia. It is not precipitated 
by tartar-emetic or nitrate of silver. 

Oxypimtannate of Lead. — Neutral acetate of lead forms, with the 
aqueous acid, a lemon-yellow precipitate, inclining* to greenish ; basic 
acetate of lead, a cream-coloured precipitate. Preparation as above. 


28 C 


.... 26-43 ... 

Kawalier. 
26*11 

13 11 

13 .... 

.... 2-05 ... 

2*08 

15 0 

120 

.... 18*86 ... 

18*48 

3 PbO 

335 

.... 52 '66 ... 

53*33 


C :s H ,3 0 , ’j3Pb0 686 100*00 100*00 


2 . Pinitannic Acid. 

G u IL 8 0 8 ? 


Kawalie k. Wien. Akad. Ber. 11, 357.-29, 19. 

1. Occurs about Christmas in the needles of old trees of Pirns 
sylvestris , and is obtained as a lead-salt in the preparation of pinipicrin. 
The liquid from which the oxypinitannic acid has been precipitated by 
neutral acetate of lead, is heated to the boiling point, basic acetate of 
lead is then added by drops, and the whole left to cool. The washed 
precipitate is decomposed by liydrosulphuric acid, and the liquid heated 
with the sulphide of lead, then filtered and evaporated to dryness in a 
stream of carbonic acid. 

2. It occurs also *in the green parts of Thuja occidentals. (Sco 
Thujigenin.) It is partly precipitated, together with tlmjin, by neutral 
acetate of lead, partly, together with thujigenin, in the subsequent 
precipitation by basic acetate of lead, and remains in solution when 
these precipitates are decomposed by hydrosulplraric acid, and the 
thujin and thujigenin have crystallised out. The remaining solutions 
are evaporated to dryness, and the pinitannic acid is extracted by 
anhydrous ether-alcohol. The filtrate quickly evaporated to dryness 
oyer the water-bath, leaves the acid which may be dried in vacuo over 
oil of vitriol. 

fellow-red, or, if prepared from Thuja, brownish yellow powder, 
Iiavmg* a slightly hitter, astringent taste. At 100° it becomes soft 
and glutinous. 

Kawalier. 

from Finns, from Thuja. 

84 .... 53-84 .... 53-51 53*07 

8 .... 5*12 .... 5*42 5*55 

64 .... 41-04 .... 41 -07 40*78 

C»H 8 0 8 .... 156 .... 100*00 .... 100*00 t0O-0Q~~ 


14 C. 
8 H 
8 O 
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Decompositions . 1. Burns on platinum-foil, leaving charcoal. — 

2. Swells up at 130°, yields an acid watery distillate between 100° 
and 200°, and tar at higher temperatures. — 3. The ammoniacal solu- 
tion absorbs oxygen and becomes red-brown. — 4. When aqueous 
pinitannic acid is heated with dilute acids, a red powder is separated, 
while an amorphous substance remains behind. 

a. The red powder (prepared with pinitannic acid from pines) con- 
tains 58*22 p. c. O., 4*G5 If., and 37*18 O., agreeing with the formula 
0 42 II 28 0 20 (calc. 58*33 C., 4*63 H., and 37*04 0.).— The product from Thuja, 
after washing with cold water, dissolves with difficulty in boiling 
water, and separates in brick-red flocks on cooling. After drying in 
vacuo, it contains, on the average, 58*37 p. c. C., 4*69 IT., and 
36*94 0. 

b. The liquid freed from the red powder and the acid, leaves, when 
evaporated over the water-bath, an amorphous, brown-yellow residue, 
which reduces cupric oxide in alkaline solution, like glucose, hut does 
not taste sweet or exhibit any of the other characters of a sugar. It 
contains 47*02 p. c. C., 5*84 IT., and 47*14 0.. answering to the formula 
C 12 H°0 9 or C 28 II 21 0 21 . 

Pinitannic acid dissolves readily in water. The solution colours 
ferric chloride dark brown-red, and precipitates cupric sulphate and 
nitrate of silver, the latter on addition of ammonia. 

Bin it annate of Lead . — The aquoons acid throws down from neutral 
acetate of lead, a yellow precipitate, easily soluble in a small quantity 
of free acetic acid; from the basic acetate, at mean temperature, a 
lemon-yellow at the boiling heat, and with excess of basic acetate, a 
fiery chrome-yellow precipitate. Contains 54*16 p. c. lead-oxide, and 
after deduction of this, 53*11 p. c. 0., 5*42 TI., and 41*47 0., on which 
account Ivawalier supposes it to contain C 56 !! 33 !) 33 = 4C U H B 0 8 + HO 
in combination with lead-oxide (calc. 53*08 C., 5-21 H„ and 41*71 O.). 

Pinnitaimic acid dissolves easily in alcohol and ether. It does not 
precipitate solution of gelatin. Its aqueous solution, heated t© boiling 
with a small quantity of stannic hydrochlorate, 'communicates to 
woollen stuffs mordanted with alum or tin-salt, a permanent lemon- 
yellow to chrome-yellow colour. 


8. Cortepinitannic Acid, 

C ie iP0 7 ? 

Kawaueii. Wien . Alcatl . Per. 11, 363. 

Occurrence . In the inner and outer bark of old trees of Finns 

sylvestris about Christmas. 

Preparation. From the inner lark (see Pinicorretin, p. 33). The 
lead-salt obtained in the preparation of pinicorretin is suspended in 
water, and decomposed by hydrosulphuric acid ; and the heated liquid is 
filtered from the sulphide of lead, and evaporated to dryness in a stream 
of carbonic acid. 
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2. From the outer lark. The bark, cleansed and coarsely bruised, 
is boiled with alcohol of 40°; the filtrate is left to cool; the wax 
which separates is removed by filtration ; and the greater part of the 
alcohol is distilled off, whereupon a fresh quantity of wax separates 
out. The filtered and expressed liquid, mixed with water and solution 
of neutral acetate of lead, yields a precipitate of impure cortepiuitannate 
of lead (a) ; and the liquid filtered therefrom yields, with basic acetate 
of lead, a second precipitate, which has a dirty yellow colour, but like- 
wise consists of cortepinitannate of lead (/3). The first lead-salt is 
treated with dilute acetic acid ; the red filtrate is precipitated -with 
basic acetate of lead ; the brown-red precipitate is washed and decom- 
posed by hydrosulphuric acid ; and the hot-filtered liquid is evaporated 
to dryness in a stream of carbonic acid, cortepinitannic acid then 
remaining. 

Properties. Bright-red powder. 

Kawalier. 

a. b. mem. 

32 C 192 .... 55*63 .... 55*45 56*12 

17 IT 17 .... 4*92 .... 5*30 4*76 

17 O 136 .... 39*43 .... 39*25 39*12 

C TOW,... 345 .... 100*00 .... 100*00 100*00 

a . Obtained from tbe inner ; 5. from the outer bark. For b, Kawalier gives the 
formula C^EFO 33 , differing from the formula above by -l at. water, and regards a as 
2C 1C H 7 0 7 4- 3HO, b as 4C 18 H 7 0 7 + 5HO. 

Decompositions. Thelead-sait p, obtained as above, contains in 100 pts. 
after deduction of the lead-oxide, 54*61 p. c. 0., 5*18 IT., and 41*21 ()., 
therefore cortepinitannic acid, C 16 IT 9 0 9 (calc. 54*24 p. c, C., 5-08 H., 40*68 O.), 
combined with lead-oxide (such, at least, appears to be KawaliePs meaning). 
When this lead-salt is decomposed under water by hydrosulphuric 
acid, and the filtrate is evaporated in contact with the air, there 
remains an apparently unaltered residue, which however contains 
48*68 p. c. C., 4*95 II., and 46*37 O., and is therefore perhaps pinieor- 
tannic acid C 32 H 19 Q 23 . 

The aqueous solution of the acid is coloured green by ferric 
chloride. 

Cortepinitamiate of Lead . — Obtained from the inner bark in the man- 
lier described at page 33. 



In vacuo. 


Kawalier. 

48 C.„ 

288 .... 

.... 34*69 .., 

34*17 

23 IT 

. 23 .... 

.... 2*77 ... 

...... 2*86 

23 0. 

184 .... 

... 22*17 

21*99 

3 PbO 

335 .... 

.... 40*37 ... 

40*98 

C^O^PbO , 

830 .... 

... 100*00 

100*00 


Afcer deduction of the lead-oxide, or 3C 1S H 7 0 7 + 2 00. (Kawalier.) 
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4. Pinicortannic Acid. 

0 32 II 19 CF f> - 


Kawalier. Wien, Alcad. Ber. 11, 36 0. 

Occurrence . In the bark of Finns sylvestris. 

Formation . Cortepinitannic acid changes to pinicortannic acid 

■when its solution is evaporated in contact with the air (see p. 490 ). 

Preparation . See Pinnicorretin (p. 33). 

Properties . Red-brown powder. 

In vacuo. Kawalier. 

32 C 192 48*60 48*57 

19 H 19 4*81 4*93 

23 0 184 46*50 46*50 

C^H^O 23 .... 395 100*00 100*00 

After deduction of 1*2 p. e. ash. — C^H^O 23 or 2C lc H 9 O n + aq. (Kawalier.) 

When boiled with ivater containing hydrochloric acid , it is converted 
into a bright red powder, which, after drying in vacuo, contains 
51*56 p. c. C., 4*47 II., and 43*97 O., and is therefore C* 8 H 25 0 31 , or 
3C 1G I-P0 10 + HO (Kawalier). Calc. 51*34 CL, and 4*45 H. 

After drying, it dissolves, but very slowly, in water. Its aqueous 
solution colours feme chloride. 


5. Tannopic Acid. 

C 29 II 15 0 13 ? 


Rociileder & Kawalier. Wien. Alcad . Ber , 29, 22. 

Occurs in spring in the needles of Pinvs sylvestris , and was obtained, 
instead of oxypinitannic acid, in a preparation undertaken with the 
object of obtaining the latter (p. 487). — • Needles gathered about 
Easter contained tannopic acid ; those gathered about Christmas yielded 
oxypinitannic acid. 

It oxidises readily, especially in contact with warm moist air. When 
heated with sulphuric or hydrochloric acid it yields a red decomposition- 
product, similar to that which pinitannic acid deposits under the same 


circumstances. 

at 100°. 


Kawalier. 

28* C 

168 .... 

.... 58*54 .. 

58*45 

15 H 

15 .... 

.... 5*22 

5*28 

13 O 

104 .... 

.... 36*24 .. 

...... 36*27 

C^fcW 3 .... 

287 

100*00 .. 

100*00 
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6. Tannecortepinic Acid. 

0®H 13 0 1S ? 


Eociileder & Kawalier. Wien . Alcad. Ber. 29, 23. 

Occurrence. In the bark of Pimis sylvestris , when the trees arc 
between 20 and 25 years old. 

Preparation . The chopped bark is thoroughly boiled with alcohol 
of 40°; the alcohol is completely distilled off (the last portions, 
after dilution of the residue with water); the viscid resin which 
separates from the residue is removed by filtration ; the filtrate pre- 
cipitated with neutral acetate of lead ; the precipitate collected and 
washed; and the filtered liquid mixed with basic acetate of lead, 
whereby a fresh precipitate is formed, containing taunccortepinate of 
lead, like the first. 

a. The precipitate formed by neutral acetate of lead is treated 
three times with quantities of dilute acetic acid insufficient for com- 
plete solution; the liquid is filtered from the undissolvcd portion, 
resin then remaining ; the united acetic acid solutions are precipitated 
with basic acetate of lead; and the precipitate is collected, washed, 
and decomposed under water with hydrosulphuric acid. The liquid 
filtered from the sulphide of lead, and evaporated to half its volume in 
a stream of carbonic acid, deposits brown-red crusts of tannecortepinic 
acid. 

b. The precipitate formed by basic acetate of lead is decomposed 
under water with hydrosulphuric acid; the filtrate is evaporated in 
a stream of carbonic acid ; the residue is dissolved in alcohol, the 
solution precipitated with alcoholic neutral acetate of lead ; the pre- 
cipitate washed and decomposed under water with hydrosulphuric 
acid ; the filtrate again evaporated in a stream of carbonic acid ; and 
the residue dried at 100°. 

Properties. Reddish brown powder, which does not become 
glutinous at 100°, Has an astringent taste. 


28 C 

168 ... 

60*65 ... 

Kawalier. 

mean. 

60*42 

13 H 

13 ... 

4*61) 

4*76 

12 0.... 

96 .... 

31*66 ... 

34*82 

C2SIP3Q12 

277 ... 

300*00 ... 

100*00 


After deduction of 0*14 to 0*8 p. c. ash. 

The aqueous solution, heated with dilute sulphuric or hydrochloric 
add , deposits a fine red precipitate of nearly the same composition as 
tannecortepinic acid. The filtrate freed from sulphuric acid and the 
rest of the red body, by a small quantity of basic acetate of lead, 
and from lead by hydrosulphuric acid, leaves, on evaporation, a 
sweetish colourless residue, which reduces an alkaline cupric solution, 
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like glucose, and burns on platinum with an odour of sugar. The 
quantity obtained from 100 pts. of tannecortepinic acid reduces as 
much cupric oxide as 5 '43 pts. of grape-sugar. 

With aqueous ferric hydrochloride it becomes dark green, then red- 
brown, and finally yields a black-green precipitate. 


7. Pityxylonic Acid, 

Wittstein. Pham). Viertelj. 3, 14. 

From 7 utvq, pine, and wood. — Occurs in the stem of Finns sylvestris , 

and probably also in that of Firms Abies. 

Preparation. Finely rasped pine-wood is boiled with water, the 
liquid is mixed with carbonate of baryta, strained and evaporated to a 
few ounces, then filtered, and the residue is exhausted with ether. 
The mass exhausted with ether and treated with warm alcohol, yields 
to the latter liquid pityxylonic acid, which remains behind when the 
solution is evaporated. 

Brown-yellow, amorphous mass, hygroscopic, with a strong bitter 
taste and acid reaction. 

Sparingly soluble in cold, easily in boiling water, forming a pale 
yellow solution, which becomes turbid on cooling. — Easily soluble in 
alkaline water. 

Lead-salt * The acid is dissolved in ammoniacal water; and the 
solution precipitated with neutral acetate of lead. — Bitter powder, 
becoming electric by friction. — Somewhat soluble in water. 


25 C 

at 100°. 

.... 150-0 .... 

44*43 .... 

Wittstein. 

mean. 

44*58 

20 H 

20*0 .... 

5-92 .... 

5*81 

8 O 

.... 64-0 .... 

.... 18*99 

19-11 

PbO 

... ni -8 .... 

30*66 .... 

30-50 

C*H-"»O s ,PbO 

.... 345*8 ... 

100*00 .... 

100*00 


So according to Wittstein. 


8, Phlobaphene. 

C 20 H 8 0 8 ? 

Stahelin & Hofstetter, Ann. Pharm. 51, 65. 

According to Stiihelin & Hofstetter, phlobaphene is an ordinary constituent of the 
outer bark of Pirns sylvestris, Betula alba , yellow* cinchona-bark, and the bark of 
Platanus acerifolia. Kawalier ( Wien. AJcad. Ber. 1 1, 344) contests tie independent 
existence of phlobaphene, whereas J. Wolff {Pharm. Viertelj. 3, 1) rads it also in 
birch-fungus, and Wittstein {Pharm. Viertelj. 3, 1,0) in pine-bark. HessJ(4wn Phaiyn. 
109, 343) calls attention to the resemblance of phlobaphene to cmchoiJLrecl (p. 482), 
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whereas, according to others, it resembles rhodoxanthin. Finding it impossible to deter- 
mine the precise relations of these imperfectly investigated bodies, I have thought it 
best to follow Stiihelin & Hofstetter. (Kr.) 

By the following* mode of treating the harks, sometimes phloba- 
phene is obtained, sometimes bodies differing from it by water or 
oxygen. 

I. Phlobaphene from the outer Baric of Pirns sylvcstris . — From the 
alcoholic extract of the bark previously exhausted with ether, ether 
extracts wax, leaving a brown residue insoluble in water. 

a. When the brown residue (or phlobaphene obtained by 1, b) is 
dissolved in aqueous ammonia, and the solution precipitated with dilute 
sulphuric acid, red-brown flocks are thrown down, and the yellow 
filtrate, on exposure to the air, deposits an additional quantity of the 
same substance. These flocks contain 59*98 p. c. C., 4 *'44 II. , and 
35*58 0., and consist of Stahelin & Hofstetter 5 s hydrate of phloba- 
phene O 20 H 8 O 8 -h aq. — The same hydrate of phlobaphene is likewise 
extracted by aqueous alkalis from the bark previously exhausted with 
ether and alcohol, and is precipitated from the red-brown solution by 
sulphuric acid. After repeated solution in alcohol and evaporation, it 
contains 59*58 p. c. 0., 4*59 II., and 35*83 0. ; it is insoluble in water 
and dilute acids, precipitated from the ammoniacal solution by baryta- 
and lime-salts, and sparingly soluble in alcohol after drying. 

b. When the ammoniacal solution of the brown residue is treated 
with neutral acetate of lead, the precipitated lead-salt exhibits the 
composition a or /3, according to the circumstances of the preparation. 


60 C 

25 H 

25 0 

4 PbO 

Lead-salt a. 

..... 360*0 

25*0 

200*0 

447*2 

.34*84 .. 
2*42 .. 
19*36 .. 
43*38 .. 

Stabelin 
& Hofstetter. 

35*25 

2*70 

19*90 

42*15 

3C 20 H s O s ,4PbO + aq. 

.... 1032*2 

100*00 .. 

..... 100*00 




SlUheliu 


Lead-salt ft. 


& Hofstetter. 

20 C 

1200 

18*01 

18*09 

11 H 

11*0 

1*65 

1*80 

11 0 

88*0 

13*21 ... 

13*20 

4 PbO 

447*2 

67*13 ... 

66*91 

C- 0 H ? O S j4PbO + 3aq., 

G66*2 

100*00 .. 

100*00 


e. When the brown residue is dissolved in a small quantity of 
boiling alcohol, and precipitated with hot water, the liquid being 
stirred, a red-brown precipitate of phlobaphene is produced while 
tannic acid remains dissolved in the filtrate. — The phlobaphene imme- 
diately separated by filtration, and washed with boiling water, is 
rod-brown, free from nitrogen, tasteless, and unalterable in the air, 
“both in the moist and in the dry state. It does not melt when heated, 
but burns with a smoky flame, leaving a large quantity of charcoal. 
It is slightly soluble in acetic acid, insoluble in water and in other 
dilute acids, but dissolves readily in aqueous alkalis, with deep brown- 
red colour, and after drying, is no longer soluble in alcohol, Ik con- 
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tains, on tlie average, 62* 78 p. c. 0., 4*30 H., and 82*92 0., answering 
to the formula C 20 H 8 0 8 (calc. 02*50 C., 4*10 H. t and 33*34 0.). 

(I The yellow, sour and astringent liquid filtered from the phloba- 
phene, deposits, on standing or evaporation in contact with the air, 
hydrate of phlohaphene, in the form of a reel-brown powder, containing 
59*81 p. c. 0., 4*59 IT., and 35*60 0. It precipitates metallic and 
earthy salts, also ferric chloride, the latter dark-green. On adding 
neutral acetate of lead to the hot liquid immediately after filtra- 
tion, a grey precipitate is formed, containing, on the average, 37*92 
]>. c. 0., 2*49 II., 24*80 0., and 34*79 PbO., answering to the formula 
0*I-i®0 IO ,PbO. 


II. Phlohaphene from the Bark oj Pfatwius Acorifolia. — Extracted by 
dilute potash-ley from the bark previously exhausted with ether, and 
precipitated by dilute sulphuric acid. The red-brown flocks are 
washed, then dissolved several times in boiling alcohol, and the solution 
is evaporated. Red-brown amorphous powder, having a slightly astrin- 
gent taste, somewhat soluble in cold, more soluble in boiling water ; 
soluble iri aqueous ammonia and in alcohol. Contains, on the average, 
57*28 p. c. 0., 4*80 II., and 37*97 0., corresponding to the formula 
0®I1 8 0 8 + 2aq. (calc. 57*14 0., 4*76 II, and 38*10 0), 


III. Phlohaphcm from Yellow Cinchona-lark. — When the alcoholic 
extract of the bark, previously exhausted with ether, is evaporated as 
long as it remains clear, and then mixed with water containing sul- 
phuric acid, a copious red-brown precipitate falls to the bottom. Prom 
this precipitate an insoluble portion, C 21 IL 12 0 7 , may be separated by 
digestion in ammonia. If the solution be then precipitated with 
acetic acid, and the precipitate treated with alcohol, phlohaphene 
remains behind, and a fresh portion of the body C 21 E 12 0 7 passes into 
solution. The phlohaphene thus obtained is a brown-red powder, 
which does not fuse when heated, is insoluble in water, acids, alcohol, 
and ether, and dissolves easily in aqueous alkalis. It contains 
62*55 p. c. 0., 4*41 II., and 33*04 0., answering to the formula 0 20 II 8 0 8 , 
and the compound precipitated by neutral acetate of lead from its 
ammoniaeal solution, contains 18*57 p. c. 0., 1*39 H., 10*19 0., and 
69*85 PbO, agreeing with the formula C 20 II 8 0 8 ,4PbO. From the 
cinchona-bark exhausted with alcohol and ether, dilute potash-solu- 
tion extracts hydrate of phlohaphene, procipitable by sulphuric acid, 
and containing 59*35 p. e. 0., 4*59 IL, and 36*06 0. When this com- 
pound is precipitated from the alcoholic solution by alcoholic sugar of 
had, the precipitate contains, on the average, 70*28 p. c. PbO, as 
required by the formula U M Il 8 O s , 4 PbO (calc. 69*77 PbO). 

IV. Phlohaphene from the outer Bark of Betmla Alba. — After this bark 
has been exhausted with ether, alcohol extracts phlohaphene contain- 
ing 62*37 p. c. 0., 4*85 II, and 33*28 0. Hydrate of phlohaphene 
then remains in the hark, whence it may be extracted by potash-ley, 
and when precipitated by hydrochloric acid, contains 59*87 p. c. 0.,. 
4*67 EL, and 35*46 0. 
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I ). — Tannic Acids from Aspidium Filix Mas. 


1. Tannaspidic Acid. 

0 25 lP 4 0 n ? 

Luck. Jalirb. pr. Pharm . 22, 159 ; abstr. PJiann. Centr. 1851, 657 and 
676; Chem. Gaz. 1851, 452 and 467. 

Occurrence. Tn the root of Aspidium Filir mas. 


Preparation. When the coarsely pulverised fern-root Is boiled with 
alcohol of 75 to 80 p. e., and the decoction mixed with water, a little 
hydrochloric acid, and pulverised sulphate of soda, a precipitate is 
formed, containing’ tannaspidic and pteritannic acids. This precipitate 
is collected, washed with solution of sulphate of soda, pressed, again 
triturated with water, and digested for half an hour at 60° — 80° 
with water containing hydrochloric acid, whereby ammonia and other 
bases arc removed. The residue, washed with water, dried and 
exhausted with ether free from alcohol, yields pteritannic acid to this 
solvent. The ethereal solution is filtered; the residue warmed with 
strong alcohol, mixed with a few drops of solution of neutral acetate 
of lead, then with hydrosulphuric acid (which renders it capable of filtration), 
and filtered ; and the filtrate is evaporated, first in a stream of hydro- 
gen, then in vacuo over oil of vitriol. The tannaspidic acid thus 
obtained is pure if insoluble in water and ether, but completely soluble 
in alcohol. 

Properties. Black-brown, amorphous, shining, friable, mass. In- 
odorous, with a slightly astringent taste and faint acid reaction. 


Luck. 

u. b. mean, 

in vacuo. 


26 C 

14 II 

11 O 

.. 156 . 
.. 14 . 
.. 88 . 

... C0‘4() 

... 5*42 

... 34*12 

28 C 

14 H 

12 O 

.. 168 . 
.. 14 . 
:. 96 . 

... 60*43 . 

... 5*04 . 

... 34*53 . 

... 60*27 
... 5*65 

... 34*08 


258 , 

... 100*00 

e^Hbo 12 ... 

.. 278 . 

... 100*00 . 

... 100*00 


Luck gives the first formula; the second here proposed, agrees with the analysis of 
the free acid, less closely with those of the lead-salt and the derivatives. (Kr.) 


Decompositions . 1.' The clear solution of tannaspidic acid evaporated 
at 100°, with access of air, leaves a residue partly insoluble in alcohol. 
— 2. Heated in a test-tube, it gives off acid water, with an odour of 
burnt tartar, and leaves charcoal. — 3. Burns without residue on plati- 
num foil. — 4. With oil of vitriol , it forms a red-brown solution, which 
becomes darker when heated, and is partly precipitable by water. — 

5. The alcoholic acid is converted by tincture of iodine at 40° 60°, 

into a brown iodated substance, which is precipitated by water, and 
may be freed from excess of iodine by ether free from alcohol. — 6. By 
dry chlorine gas, it is converted into bichlorotannaspidic acid ; by moist 
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chlorine gas into quadrichlorotannaspidic acid, and by chlorine-water, 
into trichlorotannaspidic acid. — 7. The alcoholic solution, heated 
with hydrochloric acid, acquires a fine purple-red colour, and when 
mixed with water deposits a red powder. This precipitate is regarded 
by Luck as ethyltannaspidic acid (p. 499). A solution of tannaspidic acid in 
wood-spirit does not yield methyl-tannaspidic acid, when heated with hydrochloric acid. 
— 8. Tannaspidic acid, when heated with dilute hydrochloric acid and 
chlorate of ‘potash, gives off a large quantity of chlorine gas, and is con- 
verted into Luck's terchloroxytannaspidic acid, which appears to be 
identical with terchloro tannaspidic acid. — 9. It dissolves in cold fuming 
nitric acid , without evolution of gas, forming a brown solution, pre- 
cipitable by a small quantity of water. The solution yields, by 
evaporation, a yellow residue, not containing oxalic acid. — 10. A 
strong aqueous solution of chromic acid decomposes it with violent 
evolution of gas. — - 11, With aqueous potash or ammonia , it forms a 
brown solution, which becomes darker when heated, takes up oxygen 
when exposed to the air, becoming purple-red or brown, and deposits 
brown or black flocks on addition of an acid. 

Insoluble in water . — The alcoholic solution, mixed with ammonia, 
yields a brown precipitate with chloride of barium or chloride of calcium ; 
it colours sesquichloride of iron green, and precipitates it on addition of 
ammonia. With metallic salts , on addition of ammonia, it forms dark- 
coloured precipitates, but it does not precipitate tartar-emetic. 

Lead-salt . — Precipitated from the alcoholic acid by an alcoholic solu- 
tion of neutral acetate of load, and washed with weak spirit, then with 
water. — Black shining mass, yielding a brown powder. 


26 C 

a. 

, 156 . 

.. 43‘2l 

28 C 

b. 

. 168 . 

... 44*10 . 

Luck. 

mean. 

... 43-40 

13 H > 

, 13 . 

.. 3-60 

13 H 

. 13 . 

... 3*41 . 

... 3-65 

10 O 

. 80 . 

.. 22-16 

11 O 

. 88 . 

... 23-10 . 

... 22-35 

PbO 

. 112 

.. 31*03 

PbO 

. 112 . 

... 29-39 

... 30-60 

C 2fi H 13 O w ,PbO,,. 

. 361 . 

... 100-00 

C 28 H i3 0 n pbO... 

. 381 . 

... 100-00 „ 

... 100-00 


The first formula is that given by Luck. 


Tannaspidic acid dissolves in alcohol , even in absolute alcohol. It 
dissolves in acetic add , and is precipitated therefrom by water. It 
precipitates the solution of isinglass in aqueous alcohol. 

It is insoluble in ether, oil of turpentine and fixed oils. 


2. Bichlorotannaspidic Acid. 

Luck. Jahrb.pr. Pharm. 22, 163. 

Dry chlorine gas is passed over tannaspidic acid dried in vacno, a 
gentle heat being applied towards the end ; the resulting hydrochloric 
acid is removed by dry air ; the product is dissolved in alcohol, and 
the solution left to evaporate in contact with the air. 

Amorphous cinnamon-coloured powder, having a fruity odour, a 
slightly acid astringent taste, and acid reaction. 

VOL. XV. 2 K 
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TANNIC ACIDS FROM ASPIBIUM FILIX MAS. 


Luck. 




a. 




b. 


In vacuo. 

26 

C 

156 .. 

.. 47*88 

28 

C 

168 .. 

.. 48*41 . 

... 47*81 

11 

H 

11 .. 

.. 3*37 

12 

H 

12 .. 

.. 3*46 . 

... 3*35 

2 

Cl 


21*74 

2 

Cl 

71 .. 

.. 20*46 . 

... 21*90 

11 

0 

....... 88 .. 

... 27*01 

12 

O 

96 .. 

.. 27*67 . 

... 26*94 

C^CPH^O 11 . ... 3 26 .. 

.. 100*00 

C 28 Cl 2 H 12 O i2 ..,. 347 .. 

.. 100*00 . 

... 100*00 


Luck gives the first formula, which does not accord with the principles of this 
Handbook. 

The acid does not acquire a purple-colour -when heated. It dissolves 
with brown colour in potash-ley. — With metallic salts , it reacts like 
tannaspidic acid. — - Insoluble in water, ether , and oils both fixed and 
volatile , but easily soluble in alcohol. 


3. TercMorotannaspidic Acid. 
Luck. Jahrb. pr . Pharm . 22, 165 and 107. 

Trichloroxy tannaspidic acid. 


Preparation . 1. When chlorine gas is passed into water in which 
tannaspidic acid is suspended, the brown acid is converted into a lighter 
loam-coloured powder, which may be washed, dried, dissolved in 
alcohol, and recovered by evaporating the alcohol. — 2. Pulverised 
tannaspidic acid, gently heated with hydrochloric acid and chlorate of 
potash, is converted, after a while, with copious evolution of chlorine, 
into a fiery orange-coloured powder, which separates as the liquid 
cools. Has an acid reaction and a sour astringent taste. 


a . 



26 C 

156*0 ... 




10 H 

io-o ... 




3 Cl 

106*5 ... 

28*23 



13 0 

104*0 ... 




C 26 Cl 3 R 10 O 13 


100*00 





Luck. 



h 


a. 

b. 

26 C .... 


... - 40-60 .... 

41*27 

40*39 

10 H .... 

10*0 

... 2-60 .... 

2*69 

2*90 

3 Cl..., 

106*5 

... 27*64 .... 

28*13 

27*33 

14 0 

112*0 

... 29*16 .... 

.... 27*91 

29*38 

C 26 Cl 3 H 10 O 14 .... 384*5 

... 100*00 .... 

.... 100*00 

100*00 


a was obtained by I ; l by 2 ; tbe latter is Luck's trichloroxytannaspidic acid, for 
wMch he calculates the formula b. The two acids appear to be identical. (Kr.) 

The acid (prepared by 1) dissolves in cold, and blackens hot oil of 
vitriol . 

It is insoluble in water 9 but dissolves with brown colour in aqueous 
alkalis. With metallic s alts, it reacts like tannaspidic add. 
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. £ead-salt. — Obtained by precipitating the alcoholic solution of the 
acid with neutral acetate of lead. Brown flocks, forming, when dry a 
black-brown shining mass. v v 3 " 

Luck. 





a. 

5. 

26 C 

156*0 . 

.. 31*94 .... 

.... 31*75 . 

.. 31*44 

10 H 


.. 2*05 .... 

.... 2*11 .. 

.. 2*18 

3 Cl 


.. 21*80 


13 O 

104*0 . 

.. 21*29 



PbO 

112*0 . 

.. 22*92 

.... 22*10 .. 

.. 22*30 


C 2G CI 3 H 10 O 13 ,PbO .... 488*5 .... 100*00 


l is fclie lead-salt of Luck's trichloroxytanuaspidic acid = C 2t! Cl 3 H 10 O 14 ,PbO. 

Terchlorotannaspidic acid dissolves easily in alcohol. The solution 
forms a very curdy precipitate with solution of gelatin. — It is insoluble 
in ether and in oils , both fixed and volatile. 


4. Quadrichlorotannaspidic Acid. 


Luck. Jahrb.pr. Phai'm. 22, 168. 

Air-dried tannaspidic acid absorbs chlorine gas with rise of tem- 
perature and evolution of hydrochloric acid gas, and forms a brown 
powder, which dissolves easily in aqueous alkalis and in alcohol , and 
gives with metallic salts the same reactions as tannaspidic acid. 


26 C 

.... 156 ... 

35*61 ... 

Luck. 
35*74 

12 H 

12 ... 

2*73 ... 

2*81 

4 Cl 

.... 142 .... 

82*33 ... 

32*12 

16 O 

.... 128 .... 

29*33 .... 

29*33 

C 2C H 13 C1 4 0 1G .... 

.... 438 .... 

..... 100*00 ... 

.... 100*00 


5. So-called Ethyl-tannaspidic Acid. 


Luck. Jahrb. pr. Pharm . 22, 169. 


One pt. tannaspidic acid is digested in the water-bath with 14 pts. 
alcohol of 85 p. c. and 2 pts. hydrochloric acid of sp. gr. 1*12, for an 
hour or two, or till the liquid, when viewed in thin layers, exhibits a 
pure purple-red colour ; any powder that may separate is dissolved by 
addition of alcohol; and the hot-flltercd liquid is mixed with cold water. 
The light red precipitate is washed and dried. 

Light purple powder, without taste or smell. Neutral. 


56 C 
31 H 
21 O 


Luck. 

mean; in vacuo. 


336 .... 

.... 62*81 

. 62*92 

31 .... 

.... 5*79 ........ 

, 5*79 

168 .... 

.... 31*40 

, 31*29 


C 56 H 31 0 21 535 


100*00 


100*00 


2 K 2 
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So, according to Luck, who regards this compound ns ethyl-tannaspidic acid, 
2C' 26 H 13 O 10 ,C 4 B 5 O, — The body does not exhibit any of the characters of an acid 
ether, hut appears to be related to tannaspidic acid in the same way as ledixanthin 
or rhodoxanthin to ledi- and rhodo-tannic acids. (Kr.) 

Decompositions. 1. T3ie acid turns brown wlion exposed to the air, 
more quickly at 100°. — 2. In alcoholic or ether-alcoholic solution, it 
decomposes and turns brown in a few days — or more quickly at tem- 
peratures between 60° and 80°, less easily if mixed with hydrochloric 
acid. The brown solution recovers its original colour when treated 
with hydrochloric acid. In this reaction, according to Luck, the 
ethyl-tannaspidic acid is resolved into alcohol and tannaspidic acid, and 
on subsequently treating the product with alcohol p hydrochloric 
acid, W.] the ethyl-tannaspidic acid is reproduced. The alcoholic 
solution did not however exhibit any traces of newly formed alcohol 
(Kr.). — 3. It dissolves with orange-brown colour in oil of vitriol . > — • 
4. With nitric acid , it forms a brown-red substance. — 5. The alcoholic 
solution is decolorised by chlorine. — 7. By aqueous ammonia , or potash- 
ley of sp. gr. 1*2, it is converted into a dark-green powder; in case of 
greater dilution, it is dissolved, with the same colour, and when left 
to itself, or heated, it is converted into tannaspidic acid. 

Insoluble in water. — When dissolved in alcohol, it forms a violet 
precipitate with chloride of barium, calcium , or aluminium, on addition of 
ammonia; greenish black with fern us chloride and ferric acetate; violet- 
red with protochloride of tin ; dark brown with nitrate of silver on addition 
of ammonia ; dark violet with bichloride of platinum . 

Lead-salts. — a. Monobasic. Formed by precipitating the cold 
alcoholic solution of the acid with neutral acetate of lead. The pre- 
cipitate has a fine dark green colour, becoming dirty blue green on 
drying. 



Calculation 

according to Luck. 


Luck, 

56 

C 

3 36 

51‘97 .... 

.... 51-99 

31 

H 

31 

4*79 .... 

.... 4*73 

21 

0 

168 

25*99 .... 

.... 26*03 


PbO 

112 

17*25 .... 

.... 17*25 


C 56 H 31 0 21 ,Pb0 G47 100-00 100*00 


b. With a larger proportion of Lead-oxide. — Basic acetate of lead 
throws down from the alcoholic acid a green precipitate, soon becoming 
dingy green. It contains 31*08 p. c. PbO, and is therefore perhaps 
2C M H I3 O 10 ,C 4 H fi O,2PbO (calc. 29*43 p. c. PbO.) (Luck). 

The acid dissolves in alcohol with dark purple colour. The solution 
produces a very slight turbidity in solution of gelatin. — The acid is 
insoluble in ether, and in oils both fixed and volatile . 


6, Pteritannic Acid. 

Luck. Jahrb.pr. Pharm. 22, 178. 

See Tannaspidic acid (p. 496). The ethereal solution of pteritannic acid 
obtained as there described leaves, on evaporation, a black-brown 
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residue, which is digested with distilled rock-oil as long as the oil is 
thereby coloured brown. The undissolved powder is collected, pressed, 
triturated and boiled with water ; the residual resinous cake is dis- 
solved in ether ; and the solution is evaporated. 

Black-brown, amorphous, shining mass, yielding a fawn-coloured, 


*. Tasteless 

, with a faint odour. 

Reacts slightly acid. 

Calculation according to Luck. 

Luck. 

24 C 

144 ... 

64-57 

64-41 

15 H 

15 ... 

6-72 

6*90 

8 0 

64 .... 

28*71 

28*69 

c 24 h 15 o 3 .... 

223 ... 

100-00 

100*00 


Luck’s formula should be doubled to make it agree with principles of the Handbook 
Decompositions . 1. When gently heated on platinum-foil, it melts, 

gives off balsamic vapours, bums with a luminous dame, and leaves 
charcoal. — 2. It dissolves with yellow-brown colour in oil of vitriol. 
— ;3. Dry chlorine converts it into bichloropteritannic acid. — 4. By boil- 
ing with alcohol and hydrochloric acid , it is converted into Luck’s 
ethylpteritannic acid (p. 503). — 5. In warm alkaline solution it absorbs 
oxygen , and turns brown-red. 

Insoluble in Water. — The alcoholic solution forms brown precipitates 
with chloride of barium and chloride of calcium oil addition of ammonia, 
and green precipitates with proto- and sesqui- chloride of iron. 

l J ter it annate of Lead. a. Sesquibasic. — Alcoholic pteritannic acid, 
mixed with excess of neutral acetate, or with basic acetate, of lead, 
throws down monobasic pteritannate of lead, and the liquid filtered 
therefrom yields, with a small quantity of ammonia, a light fawn- 
coloured precipitate of the sesqui-basic salt. 


48 C 

288 .... 

.... 37’32 ... 

Luck. 
37*82 

29 H 

29 

... 3*75 ... 

..... 3*98 

15 0 

120 

... 15*56 ... 

14*75 

3 PbO 

336 

... 43*37 ... 

43*45 

2(C M Ii M Oy?bO) + PbO,HO .... 773 

... 100*00 ..., 

100*00 

Monobasic. 

Preparation just described. 




24 C 

... 144 ... 

44*22 ... 

Luck, 
44*07 

14 H 

... 14 ... 

4*30 ... 

4*31 

7 O 

56 ... 

17*22 .... 

17*52 

PbO 

... 112 ... 

34*26 ... 

34*10 

C 24 H I4 0 7 ,Pb0 . 

... 326 ... 

100*00 .... 

100*00 


c. Biacid. — By precipitating alcoholic pteritannic acid with a 
quantity of neutral acetate of lead, not sufficient for complete pre- 
cipitation. Grey-brown precipitate. 





Luck, 

4ft n 

.. 288 ... 

52*50 ... 

52*47 

29 H 

„ 29 ... 

5*28 ... 

5*31 

irv O . 

.. 120 ... 

21*89 ... 

22*12 


.. 112 ... 

..... 20*33 ... 

20*10 

- — . 

2 C 24 H 14 O 7 , Pb O , HO .. 

.. 549 

100*00 

100*00 
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Fteritannic acid dissolves in strong alcohol, less freely in weak 
alcohol ; easily in ether ; blit is insoluble in oils , both fixed and volatile , 


7. Bichloropteritannic Acid. 


Lock. Jahrb. pr. Pharm. 22, 178. 

Chlorine gas is passed into water containing pteritannio acid in 
suspension, and the product is washed, dried, and purified by solution 
in ether. 

Light loam-coloured powder, tasteless, but with a slight fruity 
smell. 




Calculation according to Luck. 

Luck. 

24 

C . 

144 

, 47-87 .... 

.... 47-54 

14 

H 

14 

. 4-65 .... 

.... 4*80 

2 

Cl, 

71 

, 23-54 .... 

.... 23-33 

9 

0 , 

72 

, 23-94 .... 

.... 24-33 


C 24 H 13 C1 2 0 8 ,H0 301 100-00 100*00 


Insoluble in water . — Reacts with metallic-salts like terchloropteri- 
tannic acid. 


Lead-salts. — By precipitating the alcoholic acid with neutral acetate 
of lead, precipitates are formed, containing from 5 to 15 p. c. PbO. — ■ 
The monobasic salt is obtained by precipitating the alcoholic acid with 
basic acetate of lead. 


24 C 

... 144 ... 

35-70 .... 

Luck. 
.... 35-85 

13 H 

... 13 ... 

3-22 .... 

.... 3-23 

2 Cl 

... 71 .... 

17-58 


8 0 

... 64 

15*84 


PbO 

... 112 .... 

27-66 .... 

.... 27*63 

C^H^CPO^PbO .... 

.... 404 ... 

100-00 



BicMoropterritannic acid dissolves in alcohol and ether, but is in- 
soluble in oils, both fixed and volatile . 


8. TercMoropteritannic Acid. 

Luck.. Jahrb. pr. Pharm . 22, 177. 

Dry chlorine gas is passed over dry pteritannic acid; the resulting 
hydrochloric acid is expelled by dry ail', and the product is purified 
by solution in alcohol 

Orange-coloured powder, having a faint peculiar odour, a scarcely 
bitter # taste, and an acid reaction. 
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Calculation according to Luck. Luck. 

24 C 144-0 44-14 44-13 

12 H 12-0 3-67 3-91 

3 Cl 106-5 19-63 19*77 

8 O 64-0 32-56 32*19 

C 24 H 12 C1 3 0 8 326-5 100*00 100*00 

When, heated on platinum-foil, it "melts and gives off acid vapours. 

It is insoluble in water,* — It dissolves with brown colour in 
aqueous alkalis . — The alcoholic solution forms a green precipitate 
with proto- and sesqui-chloride of iron , light brown with chloride of 
copper , no precipitate with chloride of calcium or barium , nitrate of 
silver , or tartar-emetic . 

Lead-salt . — From an alcoholic solution of terchloropteritannic 
acid, basic acetate of lead throws down a precipitate which contains 
25*27 p. c. PbO, and is, therefore, C 24 H 12 Cl 3 0 8 ,Pb0 (calc. 25*48 PbO). 

The acid dissolves readily in alcohol and ether, but is insoluble in 
oils, both fixed and volatile. It forms a slight precipitate with gelatin - 
solution. 


9„ So-called Ethyl-pteritannic Acid. 

Luck. Jahrb. pr. Pharm, 22, 179. 

A solution of pteritannic acid in absolute alcohol is boiled with a 
small quantity of hydrochloric acid, and the purple-red solution is (a) 
either dropt, with stirring, into a large quantity of water, or (b) mixed 
with a small quantity of water. 

Prepared hy a: Light purple-violet powder; by b: Black-red 
rosin, yielding a dark-red powder. Tasteless, with scarcely add reaction. 

Calculation according to Luck. Luck.. 

a. b. a. b. 

52 C 65*82 52 C 67*09 65-74 .... 67*03 

34 H 7*17 33 H 7*09 7‘22 .... 7*05 

16 O 27*01 15 O 25*82 27*04 .... 25*92 

C«H»OW 100*00 100-00 100*00 .... 100-00 

Luck splits the formula a into 2C 24 H 14 0 7 ,C 4 H 5 0 , H O ; b into 2C 24 H 14 0 7 ,C 4 H 5 0. 
— Till the resolution of the so-called ethyl-pteritannic acid into pteritannic acid and 
alcohol is established hy experiment, this body may be more probably regarded as a 
compound analogous to ledixanthin (p. 528) and rhodoxanthin. (Kr.) 

When dissolved in alcohol , it decomposes, with formation of 
pteritannic add, less easily when mixed with hydrochloric acid. — It 
is decomposed by chlorine or by nitric acid, — Its solution in aqueous 
ammonia or potash turns brown on standing. 

The acid is insoluble in water, but dissolves with brown colour in 
oil of vitriol , and is precipitated therefrom by water. — It dissolves 
with green colour in aqueous alkalis, — - The alcoholic solution mixed 
with a little ammonia forms a green precipitate with chloride of barium 
or calcium, bluish violet with chloride of aluminium , blackish green with 
proto - or sesqui-chloride of iron. It precipitates cupric acetate violet. 
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Colours proto-chloride of tin violet, and on addition of ammonia, pre- 
cipitates it bluish green. 

Lead-salt The alcoholic solution of the acid forms with neutral and 
basic acetate of lead, green precipitates which become violet-grey 
when dry. The precipitate, formed with an insufficient quantity of 
the neutral acetate contains 10*5 p. c. PbO ; that formed with excess 
of the neutral acetate or with an insufficient quantity of basic acetate, 
contains 21*55 p. c. ; and that formed with excess of the basic acetate, 
contains 33*59 p. c. PbO. 

Ethyl-pteritannic acid dissolves easily in alcohol and in ether , form- 
ing purple solutions. It produces but slight turbidity in solution of 
gelatin . 


E . — Caffetannic and V iridic Acids . 


Caffetannic Acid. 
C u H 8 0 7 ? 


Peaee. Schw. 62, 31. 

Bolle. N. Br. Arch . 25, 271. 

Rochleder. Ann. Pharm. 59, 300. — Ann. Pharm , 63, 193 ; abstr. 
Pkarm. Centr. 1847, 913. — Wien. Ahad. Per. 1, 224 ; Ann. Pharm . 
66, 85 ; Pharm. Centr. 1848, 697 ; Wien. Ahad. Ber. 1, 228 ; Ann. 
2 harm. 66, 39; Pharm . Centr . 1848, 701. — Wien. Ahad. Ber. 
7, 815 ; J. pr. Chem. 56, 93 ; Ann. Pharm. 82, 194 ; Pharm. Centr . 
1852, 364. — Wien. Ahad. Ber , 24. 39 ; J. pr. Chem , 72, 392 ; Ckem , 
Centr . 1858, 75. 

Paten. Com.pt. rend . 22, 724 ; 23, 8, and 244 $ JV. Ann. Chim. Phjs . 
26, 108 ; J . pr. Chem. 38, 471. 

Rochleder & Hlasiwetz. Wien. Ahad. Ber. 5, 6; J. pr. Chem . 
51, 415 ; Ann, Pharm } 76, 338 ; Chem. Gaz . 1851, 121. 

Cqfeic acid (Rochleder). Discovered by Pfaff. The latter, on precipitating the 
aqueous decoction of coffee-beans with neutral acetate of lead, and decomposing the 
precipitate underwater with hydrosulphurie acid, and evaporating the filtrate to a syrup, 
found that it separated into a soluble portion containing caffetannic acid, and an insolu- 
ble portion containing aromatic cqfeic acid. Bolle and Rochleder were unable to 
find the latter. — With caffetannic acid we shall here place, as Rochleder does. Pay tin’s 
chlorogenic acid separated from the Sel naturel du eft or chlorogenate of caffeine and 
potash, whereas Zwenger & Siebert (Ann. Pharm. Suppl. 1, 77) regard that salt as 
identical with the kinic acid which they found in coffee Against the latter view must 
be alleged, amongst other statements of Payen, that his Sel naturel contains nitrogen, 

Occurrence. In the beans and leaves of the coffee-tree (Ilcmdb. viii, 
Phytochem. 55), in the leaves of Ilex paraguayensis {ibid. 22), and in the 
root of Chiococca ramosa (ibid. 56). 

Runge’s Verdic acid {Grunsaure). — In the root-stock of Scabiosa 
succisa, as well as in many Composites {Eandb. viii, Phytochem. 70) in 
Synantharece {ibid. 65) and in Umbelliferm , there is found an acid, form- 
mg, with ammonia, a yello^w compound, which turns blue -green in 
contact with the air. This verdic acid is, according to Runge, 
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characteristic of the above-mentioned tribes of plants ; it exhibits 
some points of resemblance to valerotannic acid (p. 533), also to 
caffetannie acid and rubichloric acid (see llubian ). — The root-stock of 
ScaUosa succisa , after being cleansed, pulverised, and dried, is ex- 
hausted with alcohol; the solution is precipitated with ether; the 
white precipitate is collected and washed with ether, and its aqueous 
solution is precipitated with neutral acetate of lead. On decomposing 
the precipitate under water with hydrosulphuric acid, and evaporating 
the filtrate, the verdic acid remains as an amorphous, yellow, brittle, 
and acid mass. The aqueous solution of this verdic acid, if exposed 
to the air without being mixed with ammonia, does not undergo any 
alteration, but if ammonia is present, the solution takes up oxygen 
and turns green ; the same effect is produced, in a less degree in 
presence of potash or soda. The green compound thus formed, is 
decolorised by contact with zinc-amalgam, and becomes green again 
by contact with the air. From the green solution, acids throw down 
a red-brown precipitate, which dissolves with green colour in the fixed 
alkalis and in ammonia. — The salts of the alkaline earths and heavy 
metallic oxides form white precipitates with colourless verdic acid, 
dark green precipitates with the green variety. Neutral acetate of 
lead precipitates the former yellow, the latter blackish green ; this 
last mentioned lead-salt contains more oxygen than the yellow. 

Preparation of Caffetannie Acid . — Coffee-beans dried at 60° and 
pulverised are exhausted with ether, which takes up fat, caffeine, and 
a small quantity of caffetannie acid ; the residual powder is boiled 
with alcohol of 40 per cent. ; the filtrate is mixed with twice its own 
bulk of water ; the precipitated fat-flocks are separated ; the liquid is 
boiled ; solution of neutral acetate of lead is added to it ; and the 
whole is boiled for a few seconds, which causes the precipitate to con- 
tract, and renders it easier to filter. The precipitate is washed with 
water containing alcohol, decomposed under water with hydrosulphuric 
acid, and the pale yellow filtrate is evaporated over the water-bath 
(Kochleder). — When the decoction of coffee-beans is mixed in separate 
portions with neutral acetate of lead, the precipitate first formed con- 
tains citric acid, the latter only caffetannie acid. When the aqueous 
decoction is completely precipitated with neutral acetate of lead, the 
precipitate decomposed with hydrosulphuric acid, and the filtrate 
evaporated to a syrup, a mixture of caffetannie acid, with its salts 
and citric acid, is obtained, which yields, with neutral acetate of 
lead, a lemon-yellow precipitate, containing acetic acid. An impure lead- 
salt of this hind is described in Ann. Pharm. 63, 200 (Rochleder). 

See also the preparation of viridic acid (p, 510), and that of the lead- salts (p. 510). 

When Payen’s chlorogenate of caffeine and potash (p, 509) is de- 
composed by an equivalent quantity of sulphuric acid, and the solution 
mixed with pounded marble and evaporated to dryness, alcohol extracts 
from the residue acid chlorogenate of caffeine, the acid of' which may 
be precipitated by basic acetate of lead. In like manner, by precipi- 
tating the alcoholic solution of chlorogenate of caffeine and potash 
with basic acetate of lead, or by triturating the salt with water and 
oxide of lead, chlorogenate of lead is obtained, which, in the latter 
case, is retained in solution by help of the potash, and may be precipi- 
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tated bypassing carbonic acid into the liquid. The washed lead-salt, 
decomposed by hyclrosulphuric acid, yields aqueous chlorogenic acid, 
which, by rapid evaporation, may be obtained as a confused 
crystalline mass. This acid is white ; separates fronuts aqueous solu- 
tion by slow evaporation in microscopic prisms, containing 5 0*0 p. c. CL, 
5*6 II., and 38*4 0., agreeing with the formula C U ITO 5 * 7 (calc 5G*7 p. c. C., 
and 5*4 IT.); and has a strong acid reaction. When heated, it melts, 
turns yellow, chars, and gives off a brown liquid. Its lead-salt contains 
60 p. c. lead-oxide. It is more soluble in aqueous than in absolute 
alcohol. 

Properties of Caffetamiic Acid. — Brittle mass, which may be rubbed 
to a yellowish white powder; has a slightly sour and somewhat 
astringent taste (Rochleder). 

Rochleder. 

at 100°. mean . 

H C 84 56*75 50*53 

8 IT 8 5*41 5*54 

7 0 56 37*84 37*93 

C i4 H 8 0 7 148 100*00 100*00 

Rochleder formerly gave the formula C 1(5 H 9 * 0 8 , which requires nearly the same 
numbers. — For Laurent's formula, see Compt . rend. 35, 161. 

Decompositions. 1. When caffetannic acid is subjected to dry dis- 
tillation, the melting mass swells up, and gives off, first water, then a 
yellowish viscid distillate, smelling like carbolic acid, together with 
oil-drops, and leaves charcoal. The viscid distillate, collected apart, 
solidifies to a crystalline mass of pyrocatcchin. The acid heated on 
platinum foil gives off an unpleasant odour of acetic acid, burns with a 
bright flame, and leaves a residue of charcoal. Heated in a glass tube, 
it emits the odour of burnt coffee (Rochleder). — 2. The solution in oil 
of vitriol assumes a blood-red colour when heated, and is decolorised 
and precipitated by water. When aqueous caffotannie acid is boiled 
for several hours with dilute sulphuric acid, it is partially oxidised to 
viridic acid (p. 510), but remains for the most part unaltered. — 

3. Nitric acid produces in the concentrated aqueous solution a violent 
evolution of gas ; dilute nitric acid forms prussic acid and a largo 
quantity of oxalic acid, but no peculiar acid (Rochleder), 

4. On mixing caffetannic acid with a concentrated aqueous solu- 
tion of bichromate of potash, the liquid acquires a darker colour, and 
deposits flocks, an additional quantity of which is thrown down by 
acetic acid. — These flocks, after drying in vacuo, contain 33*34 p. c. 0., 
4*27 H., 41*61 O., and 20*78 0r 2 0 3 (or a quantity of chromic acid equivalent to 
this quantity of chromic oxide) corresponding to the formula C 42 IP0 39 ,2Cr a O a 
(Rochleder & Payr.). 

5. In contact with aqueous ammonia , caffetannic acid absorbs oxygen , 

and is converted into viridic acid (p. 510). Carbonic acid is produced 

at the same time (Rochleder). — 6. Caffetannic acid, mixed with 

potash-ley, assumes a brown colour in contact with the air. Alcohol 

precipitates the resulting potash-salt, partly as a resin, partly as a 

syrufe iyhidh dissolves in water, after the slightly coloured spirit has 
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been poured off. From this solution, after it has been neutralised with 
acetic acid, neutral acetate of lead throws down a brown precipitate, 
whereas a green precipitate is produced if the solution has been pre- 
viously boiled (Rochleder). When a moderately concentrated aqueous 
solution of caffe tannic acid is mixed with potash -ley till it exhibits an 
alkaline reaction, and left for a week in contact with the air, the liquid, 
which is brown after the potash has been added, acquires a darker 
colour, and becomes opaque. The light brown salt, then precipitated 
by neutral acetate of lead, after neutralisation with acetic acid, 
contains, on the average, 28-60 p. c. 0., 2-08 H., 18-10 0., and 
5 L*22 PbO., as required by the formula 4 (C 12 H 5 0 6 ,Pb0) +2 C 17 H e 0 5 ,3Pb0. 
If the remainder of the alkaline liquid he exposed to the air for 
another 8 days, the lead-precipitate obtained from it is dark brown, 
and contains, on the average, 21*33 p. c. C., 1*51 IP., 16*82 0., and 
60*34 PbO. The latter precipitate is regarded by Liebich as a mixture 
of a basic and a neutral salt of an acid containing C 13 II 4 G 7 , according to 
the formula 5 (C 12 H 4 0 7 ,2Pb0) + C ls IP 4 0 7 ,Pb0 (GL Liebich, Ann. Pharm. 
71, 57). — 6. The aqueous solution of caffetannic acid exposed to the 

in contact with bicarbonate of lime , yields viridic acid, and a black 
product insoluble in acid water, which forms a dark violet compound 
with lime (Rochleder). — 7. From a moderately dilute solution of 
nitrate of silver , it throws down a precipitate from which metallic silver 
separates on heating or standing (Rochleder). 

Combinations. Caffetannic acid dissolves readily in water , and is not 
precipitated by alcohol even from the syrupy solution. It dissolves in 
oil of vitriol , 

Caffetannic acid dissolves in aqueous ammonia , with yellow colour, 
and in strong potash-ley , with reddish yellow colour, becoming pale 
yellow when the liquid is heated. Its compounds with baryta and 
lime are yellow, and quickly turn green on exposure to the air, unless 
the acid is in excess (Rochleder. vid, sup.). 

Baryta-salt . — Concentrated aqueous caffetannic acid is neutralised 
with the necessary quantity of baryta- water ; an equal quantity of 
caffetannic acid is added (since the neutral salt would decompose) ; the 
solution is evaporated over the water-bath, and alcohol added by small 
portions towards the end of the process. As soon as the evaporation 
lias been carried so far that a drop of the liquid placed upon a cold 
glass plate becomes milk-white, or throws out resinous flocks, the 
solution is strained through linen into a warmed glass, a few flocks 
then remaining. The filtrate, on cooling, solidifies to a transparent 
colourless jelly, which is to be pressed between linen and paper, and 
dried at 100*°. Faintly greyish yellow, earthy mass, containing 
46-29 p. c. 0., 4*57 II., 30*69 0., and 18*45 BaO (Rochleder). 

When baryta-water in excess is added to aqueous caffetannic acid, 
a pale yellow precipitate is formed if the excess of baryta is small, 
hut with a larger excess, an orange-yellow precipitate is formed, which 
turns green and brown on the filter. 

Lead-salts . — The lead-salts of caffetannic acid dp not oxidise so 
readily in contact with the air; nevertheless they exhibit a variable 
constitution, and cannot be heated above 100° without change 
(Rochleder), 
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a. When the alcoholic decoction of coffee-beans, after being- freed 
from fat, is heated to the boiling point, and precipitated with solution 
of neutral acetate of lead, the resulting yellow precipitate, washed with 
alcohol and dried at 10(3°, contains 25*28 p, c. 0., 2*29 IL, 13*73 0., 
and 58*70 PbO (Koehleder). 

b. When a boiling aqueous solution of neutral acetate of lead is 
precipitated by pouring a decoction of coffee-beans into it by small 
portions, a pale yellow gummy precipitate is formed, which, after 
washing with alcohol and drying at 100°, contains 21*73 p. c. 0., 2*41 II., 
15*49 0., and 57*37 PbO (Koehleder). 

c. From a concentrated aqueous solution of caffetannic acid, 
aqueous neutral acetate of lead throws down at first a white pro- 
ciptate, which becomes yellow when more acetate of lead is added. 
The first precipitate melts at 100° to a green oil, which then solidifies 
to a brittle resin, and contains 7 at. acid (according to Uoclilcder’s older 
formula C 1(5 H 8 0') to 4 at. lead oxide. The yellow precipitate contains 
42*44 p. c. C., and 4*10 II. — By precipitating concentrated aqueous 
caffetannic acid with neutral acetate of lead, another salt was once 
obtained, containing 35*34 p. c. C., and 40*25 PbO. — Another lead- 
salt accidentally formed, contained, at 100°, 29*88 p. c. 0., 2*43 11. , 
16*15 0., and 51*54 PbO. (Koehleder.) 

d. When dried coffee-beans are boiled with alcohol of 40°, the 
filtrate, while still hot, precipitated with neutral acetate of load, the 
precipitate washed with alcohol, and decomposed under alcohol with 
hydrosulphuric acid, and the filtrate, after being freed from liydrosul- 
phuric acid, poured into an excess of alcoholic neutral acetate of lead, 
the resulting precipitate dried at 100°, contains 25*00 p. c. 0., 2*4 IL, 
16*89 0., and 85*87 PbO., answering to the formula C te Il 24 0 3l ,5Pb0, or 
3C u H 8 0 7 ,oPbO. (Koehleder.) 

e. When an extract of coffec-bcans, prepared with cold aqueous 
alcohol is precipitated witli neutral acetate of lead, the precipitate 
decomposed under water by hydrosulphuric acid, the filtrate evaporated 
to a syrup, tins syrup precipitated with absolute alcohol and filtered, 
the filtrate evaporated, and the residue 1 - dissolved in water, and freed 
from fat by addition^ of a few drops of neutral acetate of load,— the 
filtrate, poured into an excess of aqueous neutral acetate of lead, forms 
a precipitate which, after washing with cold water, becomes greenish 
at 100°. This precipitate contains, on the average, 28*32 p. a 0., 
2*58 II., 19*01 O., and 50*09 PbO., and is, therefore, O^IPO^ji^bO or 
3C 14 W, 4PbO. (Koehleder.) 

/. From the alcoholic decoction of the hark of cainca-root, alcoholic 
neutral acetate of lead throws down a precipitate which contains 
small quantities of eaincin and mineral acids, and when decomposed 
by hydrosulphuric acid, and several times fractionally precipitated by 
neutral acetate of lead, yields caffetannate of lead containing 
40*83 p. c. 0., 4*11 PL, 29*40 O., and 25*60 p. c. PbO. (Koehleder & 
Illasiwetz, Wien, AJcad. Ber. 5, 6.) 

g. The lead-salt of caffetannic acid from Ilex pamguayemis contains 
22*84 p. c. C., 2*20 II., 19*64 0., and 59*32 PbO., answering to the 
formula C 14 Ii 8 0 7 ,2Pb0. It is obtained by exhausting* the bruised herb 
with alcohol of 40°, mixing the filtrate with alcoholic neutral acetate 
of lead, removing the precipitate as long as it does not exhibit a pure 
yellow colour, and completely precipitating the filtrate. The last 
precipitate is washed with alcohol, and decomposed under alcohol 
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with hydrosulphuric acid ; the filtrate, after being freed from sulphide 
of lead and excess of hydrosulphuric acid, is reprecipitated with 
alcoholic neutral acetate of lead ; and the precipitate is washed with 
alcohol and dried at 100°. (Rochleder.) 

Aqueous caffe tannic acid does not precipitate ferrous sulphate , but 
on addition of ammonia, an almost black precipitate is formed, which 
dissolves in acetic acid with bottle-green colour. The precipitate 
contains variable quantities of protoxide of iron; the carbon and 
hydrogen are in the same proportion as in free caffetannic acid. 
(Rochleder.) Aqueous caffetannic acid forms a dark-green precipitate 
with ferric chloride. 

Cafetannate of Copper is obtained from an acid solution as a grey 
salt’ of variable composition, which, so long as it remains moist, melts 
at 100° to a green resin, and dissolves with green colour in water 
containing a little ammonia, with blue colour when more ammonia is 
present. The basic copper-salts are green. (Rochleder.) 

Caffetannic acid dissolves in all proportions in alcohol , even when 
absolute. 


Cldorogenate of Caffeine and Potash. — See page 504 . — When coffee 
powder exhausted with ether is treated with alcohol of 60 p. c., the 
solution evaporated to a syrup, and this syrup mixed with three times 
its volume of .alcohol of 85 p. c., the liquid separates into two layers, 
the upper, which is mobile, containing the greater part of the chloro- 
genate of caffeine and potash. The remaining quantity of this salt 
may he obtained by dissolving the lower viscid layer in a small 
quantity of water, mixing it with alcohol, and pouring off the alcoholic 
solution. The united alcoholic solutions are evaporated to a syrup ; 
this syrup is mixed with a little alcohol, and left to crystallise ; and 
the product is purified by washing and recrystallisation from weak 
spirit. 

Radiate prisms, united in spheroidal groups. The salt dried at 
100° becomes electric by trituration on the still warm paper, and 
attaches itself in long flakes to a knife held above it, ■ — It contains 
50*74 p. c, C., 5*38 H., 9T2 N., and 7*50 KO., or 63*5 chlorogonic acid, 
29*0 caffeine, and 7*5 potash. — It does not change at 150°, but melts 
at 185° to a yellow mass, which swells up to five times its original 
volume, but remains solid and friable. At 200° it decomposes, turns 
brown, and gives off vapours which “condense to crystals of caffeine ; 
when further heated, it melts again, gives off a largo quantity of 
ammonia, swells up to twenty times its original bulk, and leaves a 
very light iridescent chai*coal. The aqueous solution, when exposed 
to the air, turns yellow and afterwards greenish-brown. It is not 
altered by nitrate of silver, but becomes yellowish-brown on addition 
of a small quantity of ammonia. The mixture, after standing for 
some time, ^becomes turbid from separation of metallic silver. When 
the aqueous solution is mixed with a few drops of ammonia, and 
exposed to the air in a shallow dish, the water and ammonia being 
frequently renewed, it assumes, in the course of 24 hours, first a 
yellow, then a green and blue-green, and ultimately a brown colour. 
If it be evaporated to dryness after 20 or 30 days, anhydrous alcohol 
extracts caffeine from the dark brown residue. — Oil of vitriol, heated 
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■with the salt, colours it dark -violet; hydrochloric acid acts in a 
similar manner, whereas nitric acid produces an orange-yellow colora- 
tion. The crystals, gently heated with lumps of potash, assume a 
scarlet or orange-red colour ; and at a stronger heat, the mass molts, 
turns brown, gives off a large quantity of ammonia, and decomposes. — 
On the preparation of chlorogenic acid from cldorogenate of caffeine and potash, see 
page 505. 

Cldorogenate of caffeine and potash is very soluble in water, the 
the hot saturated solution solidifies on cooling. For the decompositions of 
the aqueous solution, see page 509. — It forms a greenish- yellow precipitate 
with neutral acetate of lead, and from the basic acetate it throws 
down flocks of a pure yellow colour. — - In absolute alcohol it is nearly 
insoluble even when heated ; in ordinary alcohol it dissolves more 
abundantly as the proportion of water is greater, and crystallises from 
the solution on cooling. (Paycn.) 


Viridic Acid. 

Kochleder. Ann. Pharm. G3, 193. — Wien* Ahad, Bcr. 1, 227; Arm. 

Pharm. 66, 38. 

Produced from caffctannic acid by oxidation in presence of aqueous 
ammonia (p. 506) (Roehleder); under the same influences from 
quinovatannic acid (p, 485) (Hlasiwetz). 

Preparation, — 1 . When the alcoholic decoction of dried and pulverised ' 
coffee-beans is mixed with water to separate fat, the filtrate heated to 
the boiling point with neutral acetate of lead, and the precipitate 
decomposed under water with hydrosulphuric acid, aqueous caffctannic 
acid is obtained, which, when supersaturated with ammonia, assumes 
a colour varying from dark yellow to red brown, and changing in con- 
tact with the air to greenish yellow, and after 36 hours, to blue-green. 
To prepare viridic acid, the blue-green liquid is mixed with excess of 
acetic acid, then with alcohol, which throws down black flocks, of a 
compound similar to metagallic acid, which is formed at the same time 
[but not necessarily, according to Rochleder (Wim, Aka<L Jkr. 1, 227),] — - the 
liquid is then filtered, and the brown filtrate precipitated with neutral 
acetate of load. — 2. When the aqueous extract of coffee-beans, pre- 
viously exhausted with alcohol, is precipitated at the boiling heat whb 
neutral acetate of lead, — the yellow precipitate decomposed under 
alcohol with hydrosulphuric acid, and the filtrate, after being freed 
from excess of hydrosulphuric acid, supersaturated with ammonia, 
exposed to the air for 24 hours — and then mixed with 2 vot, alcohol 
of 40°, a greenish-blue precipitate is formed, which, when washed 
with, alcohol containing acetic acid, then dissolved in acetic acid and 
precipitated with neutral acetate of lead, yields viridate of lead. 

By decomposing the lead-salt with aqueous hydrosulphuric acid, 
and removing the sulphide of lead, aqueous viridic acid is obtained 
as a brown liquid, which, when evaporated, leaves a brown amorphous 
mass. Tb's substance dissolves easily in water, with fine carmine 
colour in oil of vitriol , and is precipitated therefrom in blue flocks by 
water. 
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Aqueous ylridic acid assumes a dark green colour when mixed with 
ammonia , potash or soda. Baryta-water precipitates it in blue-green 
flocks, which, after washing with alcohol and drying at 100°, contain 
43*15 p. c., baryta, as required by the formula G 14 II 8 0 9 ,2Ba0 (calc. 
43*46 p. c. BaO). 

Lead-salt. — For the preparation, page 510. Green-blue or indigo-blue 
precipitate. 


a. at 100°. 

Rochleder. 

b . at 100°. 

Rochleder* 

14 C 

.. 32*61 

.... 31*77 

14 C 

.. 31*51 

.... 31*37 

6 H 

.. 2*33 

.... 2*33 

7 H 

.. 2*63 

... 2*81 

7 0 

.. 21*75 

.... 21*15 

8 0 

.. 24*01 

.... 23*95 

PbO 

, 43*31 

.... 44*75 

PbO 

.. 41*85 

.... 41*87 

C 14 H 6 0 7 ,PbO ... 

„ 100*00 

.... 100*00 

C 1J H"O s ,PbO ... 

100*00 

.... 100*00 


a } prepared hy 1 ; b } by 2. 


Cuprous Viridate. — From the mixed solutions of cupric acetate and 
quinovatannic acid (p. 485), alcohol throws down dirty green flocks, 
which dissolve in boiling water : potash added to the cooled solution 
throws down cuprous hydrate. These green flocks consist of cuprous 
viridate (Hlasiwetz, Wien. Ahad. Ber. 6, 271). 

at 100°. 

56 C 336 .... 45*07 

34 H 34 .... 4*56 

39 0 312 .... 41*86 

2 Cu 64 .... 8-51 

4C 14 H 8 0 c ,Cu 2 0 + 2aq 746 .... 100*00 100*00 


Hlasiwetz. 
. 44*73 
. 4*77 

. 41*83 
. 8*67 


Hlasiwetz examined also another copper-salt, the composition of 
which approximated to the formula 2C u E 8 Q 9 ,Cu 2 0,H0. 


F . — Isolated Tannic Acids (arranged Alphabetically). 

I, Anacakuita-tannic Acid. 

L. Muller. PJiarm. Viertelj. 10, 519. 

Found in anacahuita-wood, a Mexican drug. — It is obtained as a 
lead-salt from the decoction of the wood or the bark, by precipitation 
with neutral acetate of lead, and purified by dissolving it in acetic acid, 
and precipitating the filtrate with ammonia. The lead-salt dried at 
100°, contains, on the average, 18*72 p. c. carbon, 2*41 hydrogen, 
15*70 oxygen, and 63*17 protoxide of lead, answering to the formula 
C 16 H 12 O 10 ,3PbO. — The aqueous solution of the tannic acid, separated 
from the lead-salt hy hydrosulphuric acid, has a rough and somewhat 
bitter taste, forms a greenish black precipitate with ferric chloride , and 
brown with solution of gelatin. 
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2 . Aspertannlc Acid, 

C w H 8 0 8 ? 


R. Schwarz. Wien* Akad. Per. 6, 44G ; J. pr. Chem. 55, 398 ; abstr. 

Ann. Pharm. 80, 334; Pharm. Centr . 1851, 929 ; Client . GW. 1852, 

61; Lieb. Abjoy. Jahresber . 1851, 417. 

Occurrence . In the herb of Asperula odorata (Schwarz). — According” 
to Vielguth (who, however, did not compare the true aspertannic acid 
with that which he obtained), it occurs also in the herb of Galium 
Mollugo (see below). 

Preparation. 1. The alcoholic extract of the herb is distilled to expel 
the alcohol ; the residue is mixed with water ; the filtrate precipitated 
with neutral acetate of lead ; the washed precipitate is dissolved in 
dilute acetic acid ; the filtered solution is mixed with absolute alcohol 
till grey flocks are precipitated ; these arc removed; and the filtrate is 
completely precipitated with absolute alcohol : the precipitate consists 
of the lead-salt a. — If the filtrate be precipitated with basic acetate 
of lead, — the precipitate washed with alcohol, decomposed with hydro- 
sulphuric acid and alcohol, and the solution, freed from sulphide of 
lead and hydrosulphuric acid, be mixed with neutral acetate of load, — 
a precipitate is obtained, consisting of the salt b. — 2. The aqueous 
decoction of the herb is precipitated with neutral acetate of lead, the 
washed precipitate is dissolved in acetic acid ; and the salt c is precipi- 
tated partly from the solution by basic acetate of lead, partly from the 
liquid filtered therefrom, by the neutral acetate. 

The acid is separated from the lead-salts by decomposing them 
with hydrosulphuric acid, and evaporating the filtrate in a stream of 
carbonic acid. 

Properties. Inodorous mass, having a faint brown colour. Very 
hygroscopic. 

at 100°. It. Schwarz. 

14 C 84 50*90 51*08 

9 H 9 5*45 5*19 

9 O 72 43*65 43*75 

C 14 H 8 0 8 ,H0 165 100*00 ........ 100*00 

So according to Schwarz. — According to Laurent, it is perhaps C 40 H 28 O sfi « 
2C 14 H 10 O 10 (rubichloric acid) + - 6HO (Compt. rend . 35, 161). 

Decompositions. When the acid, neutralised with potash and 
thereby coloured brown-reel, is exposed to the air, it takes up oxygen, 
becomes darker, and ultimately black-brown and opaque. If then 
mixed with acetic acid and neutral acetate of lead, ' separated by 
filtration from the slight red-brown precipitate thereby formed, and 
further precipitated with basic acetate of lead, it yields a red-grey 
lead-salt, which, after washing with alcohol and drying at 100°, con- 
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tains 8*69 p. c. 0., 0*83 II., 8*18 0., and 82PbO, therefore, according 
to Schwarz, = C M II 20 O 26 ,18PbO or = 3C 12 II 5 0 7 ,5II0,18Pb0. — The 
green solution of cupric carbonate in aqueous aspertauuie acid forms, 
with alcohol, a green precipitate, which, after washing with alcohol 
and drying* at 100°, contains 83*98 p. c. cuprous oxide, and after 
deduction of this, 38*88 p. c. 0., 5*43 II., and 55*69 0. : hence Schwarz 
supposes that the oxidised tannic acid in the green precipitate = 
C w XI 7 O 10 ,5lIO (calc. 38*88 C., 5*55 H., and 55*57 0.), — Nitrate of silver oxidises 
aspcrtaunic acid, with separation of metallic silver. — Aspcrtannic acid 
is decomposed by boiling with dilute hydrochloric or sulphuric acid . If the 
neutralised solution be boiled till it no longer alters the colour of ferric 
chloride, the whole of the sulphuric acid then precipitated with basic ace- 
tate of lead, and more of that reagent added to the filtrate, a light yellow 
precipitate is formed, which, when washed with alcohol and dried at 100°, 
contains 23*06 p. c., 0., 1*48 EL, 10*52 0., and 64*94 PbO., and, accord- 
ing to Schwarz, may be represented by the formula C 60 JEL 21 O 21 ,9PbO or 
5G 12 H 4 0 4 ,I10,9Pb0 (calc. 23*11 C., 1*34 H., 10*91 O., and 64*64 PbO). 

Aspcrtannic acid dissolves very easily in water . — It does not pre- 
cipitate tartar-emetic. 

Aspertannate of Lead. — Preparation, see above. The salts must be 
dried at 100°, at which temperature they do not turn green. 


a. b. 


56 C 

... 25*79 

. 25*85 

28 C 

... 26*34 ... 

26*23 

33 H 

... 2*53 

. 2*50 

15 H 

... 2*35 ... 

2-48 

33 0 

.. 20*29 

. 20*68 

15 0 

.... 18*83 ... 

18*90 

6 PbO . 

... 51*39 

.. 50*97 

3 PbO 

.... 52*48 ... 

52*39 


100*00 

. 100*00 


100*00 ... 

100*00 



c. 


Schwarz. 



56 C 


20*86 

. 20*69 



30 H 


1*86 

. 1*83 



30 0 


14*99 

. 15-47 



9 PbO.. 


62*29 

. 62*01 





100*00 

100*00 



Schwarz resolves these formulae as follows: a into 4C 14 H 8 O s ,GPbO + aq. ; b into 
2C 14 HW r 3PbO + aq. ; c into 4C 14 H70 7 ,3 PbO ^ 2aq. 

Aspcrtannic acid forms a dark green precipitate with aqueous ferric 
chloride . — It is insoluble in alcohol , sparingly soluble in ether, and docs 
not precipitate white of egg or solution of gelatin. 

Aspcrtannic Acid from Galium Mollugo. — Obtained as a lead-salt 
from the aqueous decoction of the herb, by precipitating with neutral 
acetate of lead, dissolving the precipitate in acetic acid, and precipi- 
tating the filtrate with ammonia. — The acid separated from the lead- 
salt by hydrosulphuric acid has a slight brownish yellow colour, is in- 
odorous, and has a slightly sour, astringent taste. It precipitates ferric 
chloride , dark green, and is but partially precipitated by neutral acetate 
of lead ; completely by the basic acetate. — The lead- salt, dried at 110°, 
contains, on the average, 21*71 p. c. 0., 2*23 EL, 17*33 0., and 58*13 
PbO, answering to the formula 4PbO, 2G w H 8 0 8 ,IIO (calc. 21*89 C., 2*21 H,, 
17*72 0„ and 58*18 PbO). (Vielguth, Pharm. Viertelj. 5, 193). 

VOL. xv. 2 L 
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3. Atherospermataimic Acid. 

Zeyer. Pharm. Viertelj * 10, 511. 

In the bark of Atherosperma moschatum , a Sontli American clnig\ — 
The decoction of the bark clarified by several days’ rest is precipitated 
with neutral acetate of lead, the washed precipitate is dissolved in 
acetic acid, and the filtrate is precipitated by ammonia. The lead-salt 
thus prepared, and dried at 100°, contains, on the average, 31*39 p. c. 0., 
3-6711., 8‘05 0., and 56*89 PbO., answering to tbc formula C*°II u OV2PbO. 
If the dirty yellow precipitate formed in the aqueous extract of the 
bark by neutral acetate of lead be decomposed under water by hydro- 
sulphuric acid, the light yellow filtrate exhibits an acid reaction, tastes 
slightly astringent, turns ferric chloride green, and is precipitated in 
flocks by excess of lime-water. 


4. Callutannic Acid. 

C M H 7 0°? 

Rochleder. Wim. Alcad. Ber. 9, 286 ; J. pr, Chem. 58, 189 ; Ann, 
Pharm, 84, 354; Pharm. Cmtr. 1852, 756 ; Chem. Gaz . 1852, 466, 

Occurs in Galium vulgaris. 

Preparation. The alcoholic docoction of the comminuted plants is 
freed from alcohol by distillation ; the residue is mixed with water ; 
the filtrate is precipitated with neutral acetate of lead ; the washed 
precipitate is treated with very dilute acetic acid; and the filtered 
solution is precipitated at the boiling heat with, basic acetate of lend, 
whereby a chrome-yellow precipitate of callufcatmafco of feud is pro- 
duced. On decomposing this precipitate under wafer with hydro- 
sulphuric acid, heating the liquid together With the sulphide of lend to 
the boiling point, and evaporating the filtrate overachlorhle-of-ealimim 
bath in a stream of carbonic acid, callutannic acid remains behind, and 
may be dried in vacuo over oil of vitriol 
Amber-yellow, inodorous mass. 

Eachlcder, 

14 C 84 51*53 5X 00 

7 H 7 4*30 4*58 

9 0 72 44*17 43*73 

C“HW 163 ........ 100*00 100*00 

< Callutannic acid reduces nitrate of silver.— Its aqueous sol ntion heated 
with mineral acids , assumes a reddish yellow colour, and yields yellow 
flocks of Calluxanthin , which, after drying at 100°, contains 58*07 p. a 0., 
3*77 EL, and 38*16 O. (C M H 5 0^ 57*93 p. c. O., 3-45 awl 38*62 O .), and, 
according to Rochleder, is produced from callutannic acid by elimina- 
tion of 2 at, Water. The alkaline solution of this substance readily 
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absorbs oxygen, and is then precipitated in red-brown flocks by acids. 
It is soluble in alcohol. 

Stannic Callutannate. — Warm aqueous caliutannlc acid added to a 
solution of stannic hydrochlorate, throws down a beautiful egg-yellow 
precipitate, soluble in excess of the tin-salt. 



at 100°. 


Rochleder. 

28 C 

.... 168 .... 

.... 19-33 .. 

19-20 

16 H 

.... 16 .... 

.... 1-84 .. 

2-37 

20 O 

.... 160 

.... 18*42 .. 

18*40 

7 SnO 2 

.... 525 ..... 

.... 60-41 .. 

60-03 

2 C 14 H c O s , 7 SnO 2 + 4 H O 

.... 869 

.... 100-00 .. 

100-00 


Callutannate of Lead. — Preparation, p. 514. Obtained by double decom- 
position. 


a. 

at 100°. 

Rochleder. 

b. at 100°. 

Rochleder. 

28 C 

19*18 

.... 19*01 

42 C 

.. 18*34 

.... 18*21 

13 H 


.... 1-68 

20 H 

.. 1-45 

.... 1*55 

17 O 

15-54 

.... 15*37 

26 O 

.. 15’15 

.... 15*07 

5 PbO .... 63*80 

.... 63-94 

8 PbO .. 

.. 65*06 

.... 65-17 


100-00 

.... 100*00 


100-00 

.... 100-00 


Rochleder resolves the formula a into 2C 1{ H G 0 8 ,5PbO 4 -aq. \'b into 3C 14 H G 0 8 , 
6PbO -i- 2aq. 

Callutannie acid colours ferric salts green. — Aqueous callutannic 
acid, heated to the boiling point with stannic hydrochlorate and a 
small quantity of hydrochloric acid, dyes woollen cloth mordanted with 
alum, sulphur-yellow to orange. 


5. Catecliutannic Acid. 

Nebs v. Esenbeck. Pepert. 33, 1G9 ; 43, 340. 

Berzelius. Lehrbucl t, 3 Aufl. 6, 250. 

Delees. Jahrh.pr . Pharm , 12, 1G4. 

Steniiouse. Ann. Pharm . 45, 18. 

Strecker. Ann. Pharm. 90, 375. 

Neubatjee. Ann. Pharm . 96, 337. 

Begarded as a distinct substance by Nees v. Esenbeck and 
Berzelius, but not known in the pure state. — Occurs in catechu, an 
extract prepared by boiling the wood of Acacia Catechu and linear ia 
Gavibir. On catechu, see also the latest statements of Saco {Comjpt. rend. 53, 1102), 
which, however, are in opposition to those of Neubauer. 

Catechutannic acid is a product of the decomposition of catechin 
(xii, 387), not the substance from which the latter is formed: If, as 
Berzelius recommends, a very concentrated aqueous extract of catechu, 
prepared in the cold, be mixed with strong sulphuric acid, only a small 
yellowish precipitate is obtained, which cannot be separated by 
filtration j and as sulphuric acid likewise precipitates catechin from 
aqueous extracts prepared with aid of heat, it follows that Berzelius 
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must have examined a mixture of eateoliin and eatcwhri tannic acid 
(Neubauer). — When (according to Berzelius and Delffs) finely pul- 
verised Bombay catechu is exhausted with ether, the ethereal extract 
does not separate into two layers ; hut, by evaporation in vacuo, or 
over the water-bath, a brownish mass is obtained resembling gallo- 
tannic acid. This mass, dissolved in a small quantity of water, 
evaporated over the water-bath till the ether evaporates, and separated 
by nitration from green flocks, deposits needles of catecliin, which 
substance is not produced, as Delffs supposes, from the catcclmtannic 
acid, but exists ready formed in the extract. 

On agitating an ethereal extract of catechu with water, separating 
the ethereal solution, evaporating it to dryness, dissolving the residue in 
water, and leaving the catochin to crystallise out, a mother-liquor is 
left, containing catechutannic acid in the highest degree of purity 
attainable. If this liquid be precipitated with sulphuric acid, the pre- 
cipitate washed to a certain extent with sulphuric ackl, then pressed 
and boiled for several hours with dilute sulphuric acid, it dissolves at 
first, and then deposits brown flocks, till at length the solution retains 
only a faint red tint. At this stage no sugar can ho detected in the 
solution (Neubauer). Strecker believes that he obtained sugar in this 
manner. 

When aqueous catochin, which docs not precipitate solution of 
gelatin, is boiled for three hours in an open dish, the solution acquires 
a yellowish brown colour, and becomes turbid. If it be then evaporated 
to dryness, and the residne taken np with water, the solution then 
forms a very copious precipitate with gelatin; nevertheless, the 
catecliin is not completely converted into catechutannic acid. (Neu- 
bauer; see also xii, 390). 

Stenhouse’s catechutannic acid is insoluble in water, whether cold 
or boiling, also in alcohol and other, and only partially soluble in 
alkaline liquids. It is precipitated by sulphuric acid, coloured dark 
brown by boiling dilute sulphuric acid, and precipitates iron-salts olive- 
brown. It does not yield cither pyrocatcchin or pyrogallic acid by dry 
distillation. Delffs’ catechutannic acid (contaminated with catoohm) 
deliquesces to a syrup with water; it decomposes quickly when dis- 
solved in alkalis ; forms with bichromate of potash a brown precipitate 
insoluble in ether, with feme salts a dirty green precipitate?, and is 
completely precipitated by solution of gelatin. 


6. Cissotannic Acid. 


Wittstein. Report. 106, 317; Pham. Centr. 1847, 791. —Pham. 
Viertelj. 2, 161. 

The colouring matter of the leaves of Vitis hederacca reddened in 
autumn. , 


Preparation. The loaves gathered in August are digested for 
24 hours with alcohol of 80 per cent., the tincture is separated from 
h yj rm m ° rod ’ m'“d with j water, mid the alcohol 
distilled off., I he residue evaporated to an extract, then treated with 
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cold water, yields a dark-red solution, whilst a crimson powder, 
Wittstein’s altered cissotamiic acid, remains behind. On filtering the 
liquid from this precipitate, and precipitating the filtrate with solution 
of neutral acetate of lead, there is produced, first a lighter-coloured, 
then a green, and finally a greenish yellow precipitate, which, when 
washed with water (but not completely, otherwise it will decompose), 
forms olive-green cissotannate of lead a. — If the liquid, after pre- 
cipitation with neutral acetate of lead, be mixed with acetic acid till 
the grass-green precipitate has again acquired a lighter colour, and 
the supernatant liquid has become reddish, cissotannate of lead b 
remains undissolved, whilst the filtrate, after standing for some time, 
deposits flocks, and after these are removed, yields, with neutral 
acetate of lead, the olive-green lead- salt c. 


Lead-salt. Lead-salt. 


a. 


Wittstein. 


b. 

Wittstein. 

120 C 

25*67 

.... 25*98 

120 C 

32*05 

... 31-17 

75 H 

2-67 

... 2-40 

75 H 

3*34 

... 3*01 

N 

0'50 

.... 0*50 

N 

0*62 

... 0-61 

96 0 

27*38 

.... 27-77 

96 0 

34*18 

... 34*56 

11 PbO 

43*78 

.... 43*35 

6 PbO,. 

29*81 

... 30*65 


100-00 

.... 100*00 


100-00 

.... 100-00 


The nitrogen is present as ammonia — a = llPb0,6C-°H ;2 0 lc + NR 3 ; b — 
6(PbO,C 20 H 12 O 16 ) + NH 3 ; c contains from 36*4 to 37’5 p. c. lead-oxide. So accord- 
ing to Wittstein. 

Insoluble or unaltered Cissotannic Acid. — The portion of the alcoholic 
extract obtained in the preparation of cissotannic acid, which is insoluble 
in water. 

Dense, dark-brown, shining, non-friable mass, having a slightly 
bitter, astringent taste. 

Wittstein. 
mean ; at 110°. 

156 C 56*25 55*91 

90 H 5-41 5*41 

N 0*84 0*84 

78 0 37-50 37-84 

p C 16r, H 90 NO 73 100-00 100-00 

« 3{C 52 II S8 0 25 ,3H0) + NH 3 . Contains the nitrogen as ammonia, and 0*31 p, c. ash, 
which has not been deducted. (Wittstein.) 

Ohars quietly when heated . — Dissolves with dark brown -yellow 
colour, in ammonia, and is precipitated therefrom by acids. 

Lead-compounds. — a. By precipitating the dilute alcoholic solution 
with neutral acetate of lead. Olive-green, pitch-black after drying. 
— b. By precipitating the alcoholic solution with an insufficient 
quantity of neutral acetate of lead, treating the precipitate with a 
small quantity of acetic acid, then washing and drying the undissolved 
matter, a contains 36*91, b 16*05 p. c. lead-oxide. (Wittstein.) 

Altered cissotannic acid forms a dark-green precipitate, with an 
alcoholic solution of Jerric chloride ; flocculcnt precipitates with tartar- 
emetic and gelatin-solution. 

In alcohol of 60 — 80 p. c. it dissolves easily and with blood-red 

colour. 
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7, Cocatannic Acid. 

Alb. Niemann. Dissert, iiher eine Base in den CocaUdttcrn . Gottingen, 

1860. 

Observed by Wackenroder (N. Br, Arch. 75, 26), and Gacdckc {N. Hr. Arch. 
82, 141), 

When coca-lcaves are exhausted with alcohol containing sulphuric 
acid, for the preparation of cocaine, the tincture digested with hydrate 
of lime and filtered, the filtrate neutralised with sulphuric acid, and 
the alcohol distilled off, carbonate of soda throws down the cocaine, 
which may be removed by shaking up the alcoholic solution with 
ether, the cocatannic acid then remaining in solution. Tin? remainder 
of the ether is driven off, the liquid neutralised with dilute sulphuric 
acid; this acid removed by nitrate of baryta, and the excess of baryta 
by carbonate of ammonia ; and the liquid, after neutralisation, pre- 
cipitated by neutral acetate of lead. The washed precipitate decom- 
posed underwater by hydrosulphuric acid, yields, after the sulphide 
of lead has been separated by filtration, an aqueous solution of 
cocatannic acid, having a yellow-red colour, acid reaction, and slightly 
astringent taste, and leaving when evaporated, a brown-rod, amorphous, 
hygroscopic mass. The cocatannic acid, thus prepared, still retains a 
small portion of alkali. — Part of the acid remains dissolved in the 
liquid filtered from the cocatannate of lead, and maybe precipitated 
therefrom by basic acetate of lead, but when separated by hydro- 
sulphuric acid from the lead-salts, it is contaminated with nitric acid, 

The acid, heated on platinum-foil, melts, swells up, gives off an 
empyreumatic odour, and leaves charcoal. — It reduces chromic add to 
chromic oxide, precipitates cuprous oxide from potassio-cuprk tartrate, 
and metallic gold from auric chloride. — It forms a deep red precipitate 
with aqueous alkalis ; throws down from acetate of baryta a precipitate 
soluble in acetic acid; from tartar-emetic , brown flacks • from mercurous 
and mercuric nitrate, dingy yellow precipitates, but docs not precipitate 
mercuric chloride. It colours sesquicldoride of iron brown -greqn, and pre- 
cipitates white of egg, but not gelatin-solution. 


8. Euphrasiatannic Acid. 

En z. Pharm. Viertelj. 8, 175. 

In Euphrasia Officinalis. — The fresh plant is macerated with, water 
for a day, then boiled and pressed, and the filtrate precipitated by 
neutral acetate of lead. The precipitate, after being washed, is dis- 
solved in acetic acid, and the solution, filtered from sulphate and 
phosphate of lead, is neutralised with ammonia, which throws down 
siskin-green euphrasiatannatc of lead, which is washed and dried. 
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Enz. 

Calculation according to Enz. at 100°; mean . 


32 C 

192 ... 

28*07 ... 

27*92 

20 H 

20 ... 

2*92 ... 

3*01 

17 O 

136 ... 

19*89 ... 

19*73 

3 PbO 

336 ... 

49*12 ... 

49*34 

C 32 H 20 O 1? ,3PbO ... 

684 .... 

100*00 ... 

100*00 


9. Tannic Acid from Fruits. 

Buignet. N. Ann . CUm. Phys. 61, 280. 

Known only in combination with iodine. — Occurs in nnripe apples, 
pears, and other fruits, disappearing as the fruit ripens and the pro- 
portion of sugar increases. — When the juice of a fruit containing this 
tannic acid is mixed with starch, and iodine is dropped in, no iodide of 
starch is formed till all the tannic acid has been converted into the 
iodine-compound. 

Preparation of the Iodine-compound. — The expressed and filtered 
juice of green apples, mixed with tincture of iodine as long as the 
colour of the iodine is thereby destroyed, yields, after a few seconds, 
a brown precipitate, which must be washed with large quantities of 
water. 

Yellow amorphous powder, containing 43*0 p. c. C. ? 3*3 EL, 16*17 1., 
about i p. c. N., and 3 p. c. ash. 

The compound is decomposed by boiling with dilute acids, with 
formation of dcxtro-glucose. — It is insoluble in water ; after it has 
been boiled for a quarter of an hour, the filtrate does not reduce 
potassio-cupric tartrate. Insoluble in alcohol. 


10. Galitaimic Acid. 

C u H 8 0 10 ? 

K, ScnwAuz. Wien. AJcad. Per. 8, 26; Ann. Pharm . 83, 57; J. pr. 

diem. 58, 126. 

Occurrence. In the herb of Galium venmi and G. aparine . Known 
only in combination with water and oxide of lead. 

The aqueous decoction of the herb is precipitated with neutral 
acetate of lead; the precipitate (containing citric, tannic, and inor- 
ganic acids) is removed; the filtrate is precipitated with basic acetate 
of lead* the precipitate decomposed with hydrosulphuric acid; the 
liquid filtered from the sulphide of lead is precipitated with neutral 
acetate of lead, to remove the excess of hydrosulphuric acid and any 
citric acid that may still be present ; and the liquid filtered therefrom 
is treated with basic acetate of lead, whereby a precipitate of a fine 
yellow colour is obtained, which, when decomposed under water by hy- 
drosulphuric acid, yields aqueous gulitannic apid, having a rather bitter, 
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astringent taste ; and acquiring a brown colour when treated with 
ammonia and the fixed alkalis . It oxidises when the lead-salt is dried 
at 100°. 


Galitannate of Lead. — Galitannic acid scarcely precipitates neutral 
acetate of lead, but forms, with the basic acetate, a precipitate of a 
line yellow colour, obtained as above described ; it exhibits the com- 
position a; I is obtained in a different way ; both are dried at 100°. 



a. 

Schwarz. 

70 C 

.. 17*84 ... 

17*65 

45 H 

.. 1*91 ... 

2*01 

55 O 

.. 18*09 ... 

18*43 

13 PbO ... 

. 61*56 ... 

61*91 



b. 

Schwarz, 

28 C 

„ 32*06 ... 

12*08 

21 H 

1*43 ... 

..... 1*53 

25 O 

14*44 ... 

14*53 

9 PbO ... 

, 72*07 ... 

71*86 


100*00 100*00 100*00 100*00 

Schwarz resolves the formula a into 3(C u H ,J 0 11 ,3Pb0)“l* 2(C 1 ' < IT J 0 1I ,2PbO), and 
b into 2(C w H 8 O 10 j2PbO) + 5(PbO,HO). 

Galitannie acid changes the colour of ferric hydrodaraU to a hue 
green, and forms a dirty brown precipitate with cupric acetate* 


11. Gardeniatannic Acid. 


M. v. Orth. Wien. Akad. Ber . 13, 509 ; J. pr. dim . 64, 10 ; Pharm . 

Centr. 1854, 897. 

Occurrence . In Chinese yellow pods or Wongski, the fruit of 
Gardenia grandiflora , proceeding, according to Josscn (TF&n. Akad* Ber. 
14, 249), from a rubiaceous plant. 

Prqmration of the first Tannic Acid . — The bruised pods are exhausted 
with alcohol of 40° ; the extracts are evaporated in a stream of car- 
bonic, acid; the oil, which separates on cooling, or on addition of water, 
is removed by means of a wet filter; and the reddish .yellow filtrate is 
precipitated with solution of neutral acetate of load, whereby colouring 
matters and the first tannic acid are precipitated. (The filtrates mrm for 
the preparation of chlororubin.) The precipitate is decomposed under wafer 
by hydrosulplmnc acid; the solution containing the first tannic acid 
and a little colouring matter is filtered from the sulphide of load, which 
retains a portion of the colouring matter, and again precipitated with 
neutral acetate of lead; and this precipitate is also decomposed with 
liydrosulphuric acid, the sulphide of lead then retaining the whole of 
the colouring matter, and a filtrate being obtained, which, by evapora- 
tion in a stream of carbonic acid, and drying in vacuo, yields the first 
tannic acid. 

On boiling the sulphide of lead with alcohol of 40°, the colouring 
matter is dissolved, and remains as a dark reddish-yellow syrup, when 
the alcohol is distilled off in a stream of carbonic acid, and the residue 
dried In vacuo over oil of vitriol From this syrup ether extracts a 
substance which, when the ether is evaporated and the residue treated 
with water, remains as a reddish yellow resinous colouring matter , insolu- 
ble in water. The residue, boiled with alcohol which removes a small 
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quantity of yellow colouring matter, then dried at 100°, is the yellow 
amorphous colouring matter of v. Orth. 

Preparation of the second Tannic Acid . — The yellow pods, after 
exhaustion with alcohol, are boiled with water; the extracts are con- 
centrated ; a jelly precipitated therefrom by alcohol ; this jelly col- 
lected on linen ; and the filtrate precipitated with neutral acetate of 
lead. The precipitate is treated with a small quantity of acetic acid; 
the insoluble portion separated by filtration ; and the solution freed 
from lead by hydrosulphuric acid. The solution filtered from the 
sulphide of lead, and evaporated over the water-bath, leaves the 
second tannic acid, which must be dried at 100°. 


Properties. The first tannic acid is a brown-yellow amorphous 
mass. 


First Tannic acid. v. Orth. 

46 C 47‘26 47*47 

36 H 6*16 6*22 

34 O 46-58 46*31 


Second Tannic acid . v. Orth. 

46 C 52-98 52-67 

29 H 5-56 5-81 

27 0 41-46 41*52 


C 46 H 36 0 34 .... 100-00 100*00 C 46 H 20 O 27 .... 100*00 100*00 

After deduction of ash. — The first acid contains, according to v. Orth, 8 at., the 
second 1 at. water ; this he infers from the composition of the lead-salt 


Lead-salt of the first Tannic Acid. — Prepared by precipitating the 
warm solution of the acid with basic acetate of lead, then washing 
and drying at 100°. 


46 C 

276 .... 

.... 23-3 .... 

v. Orth. 
22-89 

28 H 

28 .... 

.... 2-3 .... 

.... 2-34 

26 O 

208 .... 

.... 17*7 .... 

17-38 

6 PbO 

670 .... 

.... 56-7 .... 

.... 57-39 


C 46 H 38 0 26 ,6Pb0 1182 100-0 100-00 

After deduction of the lead-oxide, = C‘ 10 H 28 O 35 (v. Orth). But he appears to 
have forgotten that the ash may have passed into the lead-salt. (Kr.) 


The first tannic acid colours ferric hydrochlorate green. 


12. Hederic Acid and Hederitannic Acid. 

.Posnklt. Ann. Pharni. 09, 02 ; Pharni. Centr. 1849, 257 ; Chon. Gaz . 
1849, 92, 

In the seeds of ivy (lledera Helix) 

a. Ti'ederic Acid. — The fresh pulverised seeds are freed from fat by 
ether ; the residue is repeatedly boiled with alcohol ; and |th of the 
alcohol is distilled off from the tinctures, the impure acid then 
separating from the residue. It is difficult to purify, and was only 
onco obtained pure by gradual deposition from an ether-alcoholic 
solution. 
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Soft, white, slender needles and lamina, which give off 5*4 p. c. 
water at 100° (2 at.? = G'25 p.c.). Inodorous. Has a very 
irritating taste, and slight acid reaction. 


30 C 

180 ... 

66-66 

PoRselt 

mean. 

66*46 

26 H 

26 ... 

9*63 

9*45 

8 0 

64 ... 

23‘71 

24*09 

C 3C) H 2fi 0 8 

270 .... 

100*00 

100*00 


As the atomic weight has not been determined, the formula cannot be calculated 
with certainty. (Kr.) 

Docs not molt when heated, but gives off a peculiar aromatic odour, 
and leaves charcoal. Dissolves with splendid purple colour in oil of 
vitriol. 

Insoluble in ivater . — The acid expels carbonic acid from carbonates, 
and forms, with ammonia, potash, baryta, and lime, amorphous 
gelatinous salts , which dissolve in alcohol, but arc nearly or quite in- 
soluble in water. 

From the alcoholic ammonia-salt, nitrate of silver throws down, a 
white precipitate, which dissolves in boiling alcohol, and separates in 
the crystalline form on cooling. 

Hederic acid is soluble in alcohol , but insoluble in ether. 

b. Ilederitannic Add. — Epheuyerlmure. — Obtained from ivy-seeds, 
exhausted by successive treatment with ether and alcohol (for the pre- 
paration of hederic acid) by boiling with water. The decoction is mixed 
with acetic acid and neutral acetate of lead ; the precipitate removed ; 
and the filtrate precipitated with ammonia. The fine yellow precipitate, 
after being but slightly washed (as it is soluble), is decomposed tinder 
water with hydrosulphuric acid, and the solution filtered from the 
sulphide of lead is evaporated; it then leaves the acid, but in an 
impure state. 

Inodorous, amorphous, acid mass, whose aqueous solution becomes 
coloured during evaporation. It reduces mercuric nitrate and nitrate of 
silver . It acquires a fine yellow colour when mixed with alkalis , and 
is precipitated yellow by anmoniacal lime-salts and by baryta- and lead- 
salts. It colours ferric salts dark green, and forms a greenish 
precipitate with cupric sulphate . It is not precipitated by solution of 
gelatin . 


13. Helianthotannic or HeliantMc Acid. 

Ludwig & Kromayer. N. Br. Arch 99, 1, and 285, 

The iron-greening tannic acid of the seeds of the sunflower, 
Ilelianthus annum. 

The finely pulverised fruits, freed from the husks, are exhausted 
with boiling alcohol of 90 per cent, ; the 'alcohol is distilled off in a 
current of hydrogen; the residue is separated by filtration, the filtrate 
precipitated with neutral acetate of lead; and the precipitate is 
collected, washed, aud decomposed wider wator by hydrosulphuric 



IPECACUANHIC ACID* 


523 


acid. The liquid filtered from the sulphide of lead, and evaporated 
over the water-bath, leaves the helianthotannic acid as a brownish- 
yellow amorphous mass, which may be rubbed to a slightly coloured 
powder. It Is redissolved in water and reprccipitated with neutral 
acetate of lead ; the precipitate is decomposed by hydrosulphuric acid ; 
and the filtrate evaporated, a light greenish-yellow amorphous mass 
then remaining, which yields a yellowish white powder, and no longer 
becomes moist on exposure to the air. 

After drying at 100°, it contains 53*27 p. c. 0., 5*97 H., and 
40*76 0., answering, according to Ludwig & Kromayer, to the 
formula C u II 9 0 8 (calc. 53*50 C., 5*73 H., and 40*77 0.). — Melts when heated, 
giving off an odour of burnt coffee, together with acid empyreumatic 
products. — Heated on platinum-foil, it first chars and then burns away, 
— Nitric acid imparts to aqueous helianthic acid a fine red colour, but 
on heating the liquid, nitrous vapours are evolved, and the colour disap- 
pears. — Cold oil of vitriol colours the aqueous acid red; hot oil of 
vitriol blackens it. — When boiled with moderately dilute hydrochloric 
acid in a stream of hydrogen, it is resolved into fermentable sugar 
and an acid colouring matter. The latter is precipitated by carbonate 
of lead. When separated from the lead-compound by hydrosulplmric 
acid, it yields a colourless solution, which leaves, on evaporation a 
violet residue, changing to bright red when treated with alkalis. — 
Helianthic acid, when heated with an alkaline cupric solution , does 
not reduce it. — From an ammoniacal silver-solution , it reduces metallic 
silver. 

The acid dissolves readily in water. It turns yellow when mixed 
with alkalis , and is precipitated yellow by lime-water. — The latter 
precipitate turns brown when exposed to the air in contact with 
excess of lime-water. — The light yellow lead-salt precipitated from 
the aqueous acid by neutral acetate of lead, and dried at 100°, con- 
tains 39*5 or 44*24 p. c. lead-oxide ; also 32*44 C., 3*28 H., and 
20*04 O., answering to the formula 2(C 14 H 8 0 7 ,Pb0) + PbO,IIO. — 
The aqueous acid imparts to sesquichloride of iron a splendid dark 
green colour, changing to violet on addition of ammonia. It does not 
precipitate ferroeyanide of potassium , or solution of gelatin . 

The acid dissolves in alcohol , hut not in ether. 


14. Ipecacuanhic Acid. 

C 14 H°0 7 ? 

E. W illigk. — Wien. Mad. Per. 5, 192 ; J . pr . Ohm. 51, 404. 

The tannic acid of the root of Cephalis Ipecacuanha. (Ilandbuch viii, 
Phytochem. 56.) — Pelletier (Ann. Chim. Phys. 4, 172; J. Pharm. 3, 145 ; Scjiw. 
19, 440) ; Massonfour (Bull. Pharm. 1, 161), and Richard & Barruel (J. Pharm . 
6, 264), regarded the acid as gallic acid, though it had been already recognised as 
distinct therefrom by Pfaff. 

Preparation. The pulverised root is boiled with alcohol of 
sp. gr, 0*§4; the filtered decoction is precipitated with basic acetate 
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of lead; and the precipitate is washed wit! 1 alcohol of sp. gr. 0*83 and 
dissolved in dilute acetic acid. The acetic acid solution mixed with 
basic acetate of lead, and then with a small quantity of ammonia, 
yields a precipitate, which is to he washed with alcohol of 1)8 p. c., 
suspended in ether, and decomposed by hydrosulphuric acid. The 
liquid filtered from the sulphide of lead is evaporated in a stream of 
carbonic acid; the residue is mixed with water, and filtered from the 
fat which separates; the filtrate is digested with animal charcoal; and 
the reddish-brown liquid, after being freed from charcoal, is evaporated 
in a stream of carbonic acid. 


Properties . Amorphous, reddish brown mass, having a strongly 
bitter taste. Very hygroscopic. 


14 C 

at 100°. 

84 

56*37 ... 

Willigk. 

mean. 

56*24 

9 H 

9 

... G-04 ... 

6*23 

7 0 

56 

... 37-59 ... 

37-53 

C M H 9 0 7 ,,. 

149 

.... 100*00 ... 

100*00 


Decompositions. 1 . Melts when heated , swelling up, emitting an odour 
of formic acid, and leaving a difficultly combustible charcoal — 2. The 
alkaline solution absorbs oxygen , and acquires a dark black-brown 
colour. — 3. It reduces mercury- and silver-salts. — L It dissolves in oil 
of vitriol , forming a brown-red solution, which deposits grey flocks 
on addition of water.— Nitric acid dissolves ipecaeuanhio acid, forming 
a dark reddish-yellow solution, which turns yellow and gives off 
nitrous gas when heated. 

Ipecaeuanhio acid is very soluble in water. 

Ipecacuanhate of Lead. — Dilute aqueous ipecaeuanhio acid does not 
precipitate neutral acetate of lead, but forms with the basic acetate, a 
brownish white precipitate, which quickly absorbs oxygen, and acquires 
a darker colour. 

The mono-acid lead-salt is precipitated by basic acetate of lead 
from the tincture prepared with alcohol of sp. gr. 0*85, after it has 
been freed from all matters precipi table by alcoholic neutral acetate of 
lead, and mixed with a large quantity of water ; and the precipitate is 
washed with cold water, and dried at 100°. — If the load-salt thus 
obtained be dissolved in acetic acid, and the filtrate precipitated with 
absolute alcohol, or with basic acetate oflead, precipitates are formed, 
containing ■§, f- and -$ at. ipeeaeuanhie acid to I at. lead-oxide. 


14 C 

.... 84 . 

... 32*24 . 

a. 

... 32*07 

b. 

.... 30*17 

V. 

.... 26*79 

(L 

... 35*06 

9 II 

.... 9 . 

... 3*45 . 

... 3*43 

.... 3*29 

.... 2*83 

... 3*84 

7 0 

... 56 . 

... 21*50 , 

... 21*85 

.... 19-71 

.... 16*82 

... 22*26 

PbO 

... 112 .. 

... 42*81 

... 42*65 

.... 46-83 

.... 53*56 

... 38*84 

C M H°0',PbO . 

... 261 .. 

... 100*00 

... 100-00 

.... 100*00 

.... 100*00 . 

... 100*00 


Other lead-salts contained 41*1 and 45*9 p. e. PbO. Wflligk gives the following 
formulae : for b, 6GMH B 0«,7Pb0 + 6aq. ; for c f 2C w IIW,3PbO + aq, ; for tl 0O M H»oC 
5PbO, + 4aq. 

Ipeeaeuanhie acid colours aqueous ferric salts green, changing to 
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violet on addition of a small quantity of ammonia, and inky black with 
a larger quantity. — From cupric salts, on addition of ammonia, it 
throws down a green-black precipitate. It is soluble in alcohol , less 
soluble in ether. 


15. Kinotannic Acid. 

Berzelius. Lehvbuch , 3 Anfl. 6, 258. 

G-ermng. JST. Bi\ Arch. G5, 283 ; abstr. Pharm . Centr. 1851, 305 ; Lieb . 

Kojyp. Jaliresber. 1851, 4-22, 

Hennig. N. JBr. Arch . 73, 129 ; abstr. Pharm. Centr . 1853, 177. — ■ 

iV. ib\ Ardh 77, 260; 85, 150. 

Eissfeldt. Ann. Pharm. 92, 101; Chem . 1855, 110; abstr. Lieb. 

Popp. Jaliresber. 1854, 431. 

The tannic acid of African kino (from Pterocarpus erinaceus , Handbuch viii, 
Phytochem. 72) must be regarded, according to Berzelius and Gerdmg, as a distinct 
compound. Hennig regards it as identical with, gallotannic acid; he examined the 
Kino maldbricum of commerce, which, in his opinion, is the true African kino. Eiss- 
feldt (who obtained crystals of pyrocatec.liin (xi, 379) from Kino malabricum by the 
action of ether) did not succeed in preparing kinotannic acid either by the process of 
Berzelius or by that of Gerding ; he regards kinotannic acid as perhaps identical with 
catechutannic acid. — On the reaction of kino, see Nesenbeck {Report. 27, 211) and 
Hennig; on a jelly from kino, see Redwood (IV. J . Pharm. 1, 33G). — Characters 
similar to those of kinotannic acid are exhibited by the tannic acid of Becuibablnl, 
the juice of Myristica Beouhyba, a Brazilian tree (see Peckolt, N. Br. Arch. 107, 3 63}. 

1. When the aqueous extract of kino is precipitated by dilute sul- 
phuric acid— the pale red precipitate washed as long* as the wash water 
acquires a sour taste, and then dissolved in boiling water, — the liquid 
filtered — and the filtrate containing sulphuric and kinotannic acids mixed 
with baryta-water, till a sample of it no longer precipitates an acidu- 
lated solution of chloride of barium, — the filtrate when evaporated in 
vacuo, leaves kinotannic in the form of a red fissured mass, sparingly 
soluble in cold, more easily in boiling water, and having an astringent 
taste. Tins product, when its aqueous solution is evaporated in con- 
tact with the air, becomes, for the most part, insoluble, and when left 
in contact with the air, separates as a light red precipitate. Its 
aqueous solution is precipitated by acids, not by carbonate of potash 
or tartar-emetic. It is soluble in alcohol, insoluble, or nearly so, hi 
ether (Berzelius). Kinotannic acid, precipitated by sulphuric acid, 
does not yield pyrogallic acid (xi, 398) by dry distillation (Stenhousc, 
Arm. Pharm 45, 68). 

2. Kinotannic acid prepared by the process just described, hut freed 
from sulphuric acid by carbonate of baryta, exhibits, after drying at 
100°, a different composition in different preparations (44*77 p. c, 0., 
4*21 H., and 42*80 0., 3*66 II.), because the sulphuric acid exerts a de- 
composing action on it. But when the extract of kino is precipitated 
by a hot solution of isinglass, the flesh-coloured precipitate collected 
and boiled with alcohol of 95 per cent., and the currant-red solution 
evaporated in vacuo or by heat, a purer kinotannic acid is obtained in 
the form of a red, transparent, fissured mass, which, when dried at 
100°, contains 48*32 p, c. 0., 4*28 II., and 47*40 O. This kinotannic 
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acid, of Gerding exhibits the following characters : — It chars when 
heated, but does not yield any pyrogallic acid by dry distillation. When 
its aqueous solution is left to stand in open vessels, or when oxygen, is 
passed into it at 20° — 30°, it takes up oxygen, loses its rough taste, 
and deposits kino-red in the form of a light red pulp, the quantity of 
which increases when the liquid is heated. Its aqueous solution, mixed 
with hydrochloric add , becomes turbid, and yields after a while a light 
red precipitate ; it is decolorised by chlorine , clouded by nitric add , and 
when heated therewith assumes a yellow colour and yields oxalic acid. 
It acquires a darker colour on addition of ammonia or potash, and after a 
while deposits precipitates. On heating it to the boiling point with 
magnesia alba , the whole of the kinotannic acid is thrown down as a 
violet-red precipitate, the solution retaining its dark red colour. With 
neutral acetate of lead it forms a reddish grey precipitate, which contains 
all the tannic acid, is insoluble in water, alcohol , and potash-ley, but dis- 
solves in nitric acid. It does not precipitate ferrous sulphate. It forms 
a black-green compound with ferric salts, imparts a faint red colour to 
nitrate of silver , and afterwards reduces it ; and forms, with cupric 
sulphate , a grey precipitate which turns black on standing (Gerding). 

3. Kinotannic acid prepared by the second process is a mixture 
which does not dissolve completely either in cold or in hot water, 
absorbs oxygen only in presence of potash, and does not at the same 
time deposit any sediment. On removing the deposit, which 
forms spontaneously in aqueous extract of kino (and, according 
to Iieimig, contains hyperpectic acid), a red colouring matter (Hcnnig’s 
Jcinoic add ) remains in solution, together with the tannic acid of the 
kino, which latter, in the pure state, is identical with gallotannic acid, 
and exhibits different characters only when impure. If a small quan- 
tity of recently precipitated hydrate of lead he added to the filtered 
aqueous extract, the red precipitate thereby produced contains the 
ldnoicacid; 100 pts. of its organic substance contain 43*05 p. c. 0., 
3*31 IL, and 53*04 O. The filtrate leaves, on evaporation, a yellow 
residue, the aqueous solution of which precipitates tartar-emetic and 
ferric chloride 1 ., the latter blue-black; and the yellow residue itself 
yields pyrogallic acid by dry distillation, and is soluble in ether. — 
When extract of kino is mixed with neutral acetate of lead, precipi- 
tates are formed, successively containing less colouring matter ami 
more oxide of lead, till the last contains 32 p. c. PbO, corresponding 
to the composition of gallotannatc of lead. If a concentrated tincture 
of kino be mixed with basic acetate of lead by drops, and at intervals 
of 12—24 hours, till only a few drops run off from the jelly, arid if 
cold water be then poured in, and the whole left to Itself till it begins 
to show colour, the solution contains a large quantity of tannic acid 
(together with lead and lime, which may be precipitated by oxalic 
acid). If it be then mixed with hydrate of lead, and evaporated to 
dryness in a stream of hydrogen, the organic substance of the residue 
contains 53TG p. c. C., 3*71 II., and 43*13 0., agreeing with the compo- 
sition of gallotannic acid (Hennig). 
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16. Kino-red. 

Gerding. W. Br. Arch. 65, 290. 

Aqueous tannic acid kept for several weeks in contact with the 
air in open vessels, takes up oxygen, and deposits kino-red, which 
may he freed from undecomposed ldnotannic acid by washing with 
water. 

Amorphous, red mass, which turns brown on the surface when 
dried, and yields a light red powder. Its alcoholic solution is slightly 
acid. Nearly tasteless. — After drying between 50° and 60°, it con- 
tains 37*55 p. c. 0., 3*82 PL, and 58*63 0. ; from another preparation, 
34*96 p. c. 0., 3*96 II., and 61*98 0., in other cases, about 10 p. c. 0. 
more. 

When heated , it yields a small quantity of pyro-acid. It is partially 
carbonised by oil of vitriol. — Chlorine decolorises it ; nitric acid con- 
verts it into oxalic acid. — When boiled for some time with strong 
hydrochloric acid , it dissolves with dark violet colour, and on cooling, 
or on dilution with water, it deposits kino-brown as a line dark brown 
powder, the liquid remaining red. This kino-brown, dried at 100°, 
contains from. 44*77 to 46*17 p. c. C., 4*39 to 4*52 PI., has a neutral re- 
action, and dissolves, with red colour, in alcohol, acetic acid and tar- 
taric acid. It communicates a red or violet colour to stuffs prepared 
with tin or iron mordants. 


17. Leditannic Acid. 

C H H 6 0 6 ? 

E. WiLTJGK, Wien. Ahad. Ber . 9, 302 ; J. j or. Ohm. 58, 205 ; Ann. 

Pham , 84, 363 ; Pharm. Centr. 1852, 790. 

Rochlkdeu k Schwarz. Wien. Ahad. Ber. 9, 307 ; J.pr, Chem. 58, 210 ; 

Ann. Pharm, 84, 366; Pharm. Centr. 1852, 790. 

Occurrence. In the leaves of Ledum palusire . — A tannic acid 
from Epacris and another from horse-chesnuts yield a product of 
decomposition identical with ledixauthin, without being themselves 
identical with leditannic acid. (Rochleder, Wien . Ahad. Ber. 44, 493 ; 
Chem. Centr . 1862, 8.) 

Preparation. 1. Neutral acetate of lead is added by drops to the 
aqueous decoction of the leaves, till a sample of the resulting precipi- 
tate dissolves completely in acetic acid ; the liquid is then filtered, and 
and the filtrate precipitated with basic acetate of lead. The washed 
precipitate is decomposed by hydrosulphuric acid, and the solution 
filtered from the sulphide of lead, is evaporated to dryness over the 
water-bath. — 2. The alcoholic decoction of Ledum palustre is precipi- 
tated by water, after the alcohol has been distilled off ; the liquid is 
filtered; the filtrate precipitated with neutral acetate of lead; the 
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precipitate dissolved in dilute acetic acid ; the liquid again filtered ; 
and the filtrate precipitated at the boiling heat with basic acetate of 
lead. If the precipitate, which has a fine yellow colour, be decomposed 
under water by hydrosnlphuric acid, and the solution, filtered at the 
boiling heat from sulphide of lead, he evaporated in a stream of car- 
bonic acid, loditannic acid remains behind. (Rochleder & Schwarz.) 

Properties. Reddish, inodorous powder. 


Willigk. Rochleder 
& Schwarz. 
mean at 100°. in vacuo. 

28 C 163 .... 55*44 .... 55*14 .... 50-89 

15 H 15 .... 4*95 .... 5*11 .... 5*46 

15 0 120 .... 39*61 .... 39-75 .... 43*65 


2C m H« 0 6 + 3 aq 303 .... 100-00 ... 100*00 .... 100*00 

After deduction of 1*2 p. c. (Willigk), of 2*08 p. c. ash (Rochleder & Schwarz). 

Aqueous loditannic acid boiled with dilute sulphuric or hydrochloric 
add (or mixed with cold oil of vitriol), deposits a yellow or red powder, 
Ledixmtim, which, when dried at 100°, contains 00*9 p. c. 0., 4*5 XL, 
and 34*6 O., therefore C u II c O c (calc. 60*87 p. c. 0., 4*35 XL, . and 
34*78 0.), and is produced from loditannic acid by elimination of 
water. By dry distillation it yields an oil and crystals of pyrocatcchin 
(xi, 379). It dissolves easily in alkalis , and when dissolved in alcohol, 
forms a red-brown precipitate with an alcoholic solution of neutral 
acetate of lead. (Willigk.) 

Leditannate of Lead. — The aqueous decoction of the leaves is pre- 
cipitated by neutral acetate of lead; the precipitate is removed; the 
filtrate is precipitated by basic acetate of load, and the yellow pre- 
cipitate a is dried at 100°, l in vacuo. (Willigk.) 


140 C 

60 H 

60 0 

11 PbO ... 

a . 

32*22 . 
2*30 . 
18*42 . 
47*06 . 

Willigk. 
... 32*26 
... 2*49 

... 18*25 
... 47*00 

l. 

98 C 2B-CG 

51 H 2*49 

51 0 19*89 

9 PbO 48*96 

Willigk, 
.... 28*54 
.... 2*68 
.... 19*84 
.... 48*94 

10C 14 H 6 O fi ,llPbO . 

100*00 . 

... 100*00 

7C M H , 0*,9(Pb0.1X0) . 100-00 

.... 100*00 


Aqueous leditannic acid is coloured dark-greou by ferric hjdmhhmte . 

Stannic Leditannate. — Aqueous leditannic acid forms a fine yellow 
precipitate with stannic hydrochlorate. (Rochleder & Schwarz,) 



In vacuo. 


Rochleder & Schwarz. 

28 C 

168 

... 22*95 

23*07 

21 H 

21 

2*87 

3*05 

21 0 

168 

... 22*95 


5 SnQ 2 

376 

... 51*93 

5A-AA 


2C H H s 0 9 ,5Sn0 2 + 2aq. 

.... 732 

... 100*00 



Leditannic acid dissolves easily in alcohol (Willigk). 
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18 . Ratanhiatannic Acid. 

Wittstein. Pharm . Viertelj . 3, 353 ; 6, 521. 

Occurs in common and in Savamlla Rhatany root — Peschier (N. Tr, 
4, 2, 182 ; J. Pharm. 6, 34 ; 10, 348) designated as crameric acid, a 
cry st alii sable acid from rhatany root, to which he attributed the 
property of decomposing sulphate of baryta. This, according to 
Wittstein, must have been tyrosin (xiii, 358), while Hlassiwetz 
Ann. Pharm. 119, 202), thinks it probable that phloramine (p. 69) 
may occur in rhatany root. 

The ethereal extract of the pulverised root-bark of Krameria 
triandra (. Handh . viii, Phytochem. 42), yields, when the ether is distilled 
off, and the residue dried, a shining dark-red substance, which dissolves 
in alcohol, with separation of wax. On evaporating the alcoholic 
extract, the tannic acid remains behind. — When the dry bark powder 
of Savamlla Rhatany root is exhausted with ether — the ether evaporated 
* — the residue exhausted with alcohol of 90 p. c., which leaves the wax 
undissolved — the filtrate diluted with ten times its bulk of water — a 
few drops of solution of neutral acetate of lead added — the liquid 
filtered, — and the filtrate completely precipitated with neutral acetate 
of lead, ratanhiatannate of lead h is obtained. 

The acid melts when heated, chars, and leaves a very difficultly com- 
bustible charcoal, while a watery and oily distillate passes over con- 
taining pyrocatechin (xi, 379). (See also Eissfeldt, Ann. Pharm. 92, 109 ; 
Uloth, Ann. Pharm. ill, 217 .)— -It dissolves, but imperfectly, even in warm 
water , forming’ a dirty rose-coloured solution ; it dissolves completely on 
the addition of a few drops of ammonia, whereupon hydrochloric acid throws 
down dirty flesh-coloured flakes. When ratanhiatannic acid (separated 
from the lead-salt by hydrosulphuric acid) is heated for some time over 
the water-bath with water, to which 5 p. c. alcohol has been added, a 
hard, brown -red resin, Wittstein’si?«to/wh-reJ, separates, and on evapo- 
rating the remaining liquid, there remains a small yellowish residue, 
which has a slightly sweet taste, and reduces potassio-cujmc tartrate 
when heated therewith. — The aqueous solution is coloured dark-green 
by sesquichloride of iron , then precipitated ; it forms a pale flesh-coloured 
precipitate with gelatin-solution , and is coloured paler by tartar-emetic , 
without precipitation. 

Ratanhiatannate of Lead. — The alcoholic solution of the tannic acid 
is mixed with a few drops of neutral acetate of lead, and the filtrate 
is precipitated with excess of neutral acetate of lead. The pale flesh- 
coloured precipitate is washed and dried at a gentle heat. — Dark red 
powder, which, after drying at 100°, undergoes no further change. 

Wittstein. 


Calculation according to Wittstein. mean at 100°. 





a. 

b. 

54 C 

.. 324-0 

... 43*83 . 

... 43-73 

... 43-64 

24 H 

.. 24-0 .. 

.. 3-25 .. 

... 3-23 .. 

... 3-21 

21 O 

.. 168-0 

... 22-73 . 

... 22-84 . 

... 22*90 

2 PbO 

.. 223'6 

... 30-19 . 

... 30-20 , 

... 30*25 

C H H 21 O a ,2PbO . 

... 739-6 . 

„. 100-00 . 

100-00 . 

... 100-00 


Ratanhiatannic acid dissolves easily in alcohol (Wittstein). . 

VOL. XV, 2 M 
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19. RatanMa-red. 

W iTTSTEXN. Pharm , Viertelj. 3, 358. 

Produced, together with a saccharine substance, by heating rntanhia- 
tannic acid (p. 529) with sulphuric acid, and purified by precipitating 
the alcoholic solution with water. 

Brown-red, easily friable, tasteless mass. 


12 C 


70-59 ... 

Wittstein. 
mean, 
70-67 

6 H 

6 ... 

5-88 ... 

5*74 

3 0 

24 ... 

23-53 .... 

23.59 

C 12 H G 0 3 

102 .... 

100-00 .... 

100-00 


Insoluble in water, but dissolves easily, with ruby-red colour, in 
alcohol , 


20. Rhamnotannic Acid- 

Binschwang-er. Report, 104, 58. 

Obtained in the preparation of rhamnocathartin (infra, vol. xvi), and 
purified by washing, drying, solution in ether and evaporation.— 
Greenish yellow, amorphous, easily friable mass. Tastes bitter and 
astringent. Neutral.— Melts and decomposes when heated, like a non- 
azotised body. — Nearly insoluble in cold water; somewhat soluble m 
boiling water, and in aqueous ammonia; forming a golden yellow liquid, 
which gradually turns brown. With lime-water and potash -ley it 
forms yellow solutions, which do not change in contact with the air ; 
the former however gradually deposits yellow flocks. The aqueous 
solution added to neutral or basic acetate of load, throws down 
orange-yellow fiocks ; it colours ferric-salts olive-green and then pre- 
cipitates them. In tartar-emetic it forms, after some time, a yellow 
precipitate. Does not precipitate solution of gelatin, — The acid dis- 
solves readily in alcohol and ether. 


21. Rhodotannic Acid. 

C U HW 

B. Schwarz. Wien. Alcad. Per. 9, 298; J. pr, Ohm . 58 , 202 ; Ann, 
Pharm, 84, 361; Pharm, Centr . 1852, 773 i'CIwn, Gaz, 1853, 44, 

Occurrence . In the leaves of Rhododendron ferruginmm. 

Preparation, The alcoholic decoction of the leaves is freed from 
alcohol by distillation ; the residue is mixed with water ; the filtrate is 
precipitated with neutral acetate of lead; the precipitate is treated 
with dilute acetic acid ; the liquid is filtered from, the im dissolved por- 
tion, and the filtrate, heated to the boiling point, is precipitated with 
basic acetate of lead. When rbodotannato of lead is precipitated 



RHUSTANNIC ACID, 


531 


under water with hydrosulphuric acid, and the solution filtered at 
the boiling* heat from the Sulphide of lead is evaporated in a stream of 
carbonic acid, rhodotannic acid remains, and after being pulverised, 
may be dried in vacuo over oil of vitriol. J 1 

Properties . Amber-yellow powder, having a slightly sour astringent 
taste. 


Calculation according to Schwarz. 

56 C 336 

R. Schwarz. 
54*91 

27 I-I 27 .. 

4*41 .... 

4 4*61 

31 O 248 .. 

40*59 .... 

40*48 

4C»H«0?+3aq. 611 .... 

100*00 .... 

100*00 


After deduction of 1*5 p. c. ash. 

"When heated with aqueous mineral acids , it yields a reddish-yellow 
precipitate of rhodoxanthin , which, after drying in vacuo, contains 
52*40 p. c. 0., 4*66 H., and 42*94 0. (C 2S H 1S 0 1 7 =* 2C w IFO s + HO; ealc. 
52*06 C., 3*70 H.), and decomposes at 100°. 

Stannic Bhodotamiate. — Aqueous rhodotannic acid forms with stan- 
nic hydrochlorate a precipitate of a fine yellow colour. 



at 110°. 


Schwarz. 

140 C 

.. 840 .. 

.. 22*61 ... 

22*39 

87 H 

.. 87 .. 

.. 2*34 ... 

2*96 

97 O 

.. 776 .. 

.. 20*89 ... 

20*42 

27 SnO 2 

.. 2025 .. 

.. 54*16 ... 

54*23 

10C 14 H s O 9 ,27SnO 2 + 7HO.. 

.. 3728 .. 

.. 100*00 ... 

100*00 


Approximately = C 14 H 9 O l0 ,3SriO 2 . 

Rhodotannate of Lead. — Preparation, p. 530. Fine chrome-yellow pre- 
cipitate, which does not alter at 100 °. 




at 100°. 


Schwarz. 

42 

C 

252 

.... 28*21 ... 

28*20 

19 

H 


.... 2*13 ... 

2*28 

22 

0 

176 .... 

.... 19*70 ... 

..... 19*57 

4 

PbO 

447 ... 

.... 49*96 ... 

49*95 


3C ll H c 0 7 ,4PbO + HO 894 100*00 100*00 


22. Khustannic Acid. 

J. Khittel. Pharnii Viertelj. 7, $48. 

In the leaves of Elm Toxicodendron. — The ethereal extract of the 
pulverised leaves is shaken up with warm water ; the liquid is filtered 
and set aside for two days 5 and the new deposit which then forms is 
removed by a second .filtration, and mixed with a small quantity of 
neutral acetate of lead, to precipitate sulphuric arid phosphoric acids. 
The filtrate is then completely precipitated hy neutral acetate of lead, and 
the precipitate collected, washed* and dried at 110 °. — By decomposing 
the still moist lead-salt under water with hydrosulphuric acid, the 
aqueous acid is obtained* having a slight bittCf taste and acid reaction; 
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when evaporated It leaves an amorphous, yellowish green varnish. The 
aqueous aelcl colours ferric chloride dark green, and terms with it a pre- 
cipitate of the same colour ; it colours tartar-emetic deep yellow with- 
out precipitation, and renders gelatin-solution turbid when concentrated. 


18 C 

Lead-salt. 
108 ... 

. 24*00 ... 

Khittel, 
24*16 

14 II 

14 ... 

. 3*12 .... 

3*12 

13 O 

104 ... 

. 23*12 ... 

23*24 

2 PbO 

224 ... 

. 49*76 ... 

49*48 


C 18 H ll 0 13 ,2Pb0 450 .... 100*00 100*00 


23. Rubitamuc Acid, 

C u IP0 9 ? 

0. Willi oik. Wien. Ahad. Ber. 8, 18 ; /. pr. Chon . 58, 118 ; Ann. Phann. 

82, 340 ; Pham. Centr. 1852, 373 ; Chm, Gaz . 1852, 275. 

Occurrence. In the leaves of Balia tinctorum , 

Preparation . The aqueous decoction is precipitated with neutral 
acetate of lead, the precipitate digested with dilute acetic acid ; the 
filtrate precipitated by ammonia, and the resulting precipitate washed 
with alcohol and decomposed under alcohol of sp. gr. 0*83 with hydro - 
sulphuric acid. The liquid filtered from the sulphide of lead is freed 
from alcohol by distillation, then mixed with water, and precipitated 
by basic acetate of lead. The precipitate is decomposed under water 
by hydro sulphuric acid, and the filtrate evaporated over the water- 
bath. 

Very hygroscopic. — Coloured red-brown by ammonia. 

Calculation according to Willigk. Willigk. 

28 C 168 42*96 43*09 

23 H 23 5*88 5*89 

25 0 200 51*16 51*02 


2C 14 H 8 0 9 + 7aq 391 100*00 100*00 

It still retained a small quantity of ash. 

Eubitannate of Lead. — The decoction prepared from the fresh herb 
is precipitated with neutral acetate of lead; t ho precipitate is digested 
with dilute acetic acid; and for the preparation of the lead-salt «, the 
acetic acid filtrate is precipitated with ammonia; the precipitate is de- 
composed hy hydrosulphuric acid ; and the filtrate, after being freed 
from excess of hydrosulphuric acid, is precipitated with basic acetate 
of lead. To prepare the lead-salt 5, the acetic acid filtrate is precipi- 
tated with basic acetate of lead ; the precipitate is decomposed under 
water by hydrosulphuric acid, and the filtrate, after being freed from 
hydrosulphuric acid, is precipitated with neutral acetate of lead. — 
The lead- salt c is obtained by adding neutral acetate of lead to the 
decoction of the dried herb, till a sample of the precipitate dissolves 
completely in acetic acid ; removing the precipitate formed up to that 
stage of the reaction; precipitating the filtrate with neutral acetate of 
lead ; decomposing the precipitate last obtained with hydrosulphuric 
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acid ; heating the filtrate to expel the excess of that reagent ; and then 
precipitating with neutral acetate of lead. 


a, 1 ). 


at 120°. 


Schwarz. 

In vacuo. 


Schwarz. 

70 C 

n*7i . 

... 11-50 

56 C 

20-13 . 

... 19-97 

50 H 

1-39 . 

... 1-42 

33 H 

1-98 . 

... 2-19 

55 0 

12-26 . 

... 12-34 

37 O 

17*73 . 

... 17-79 

24 PbO 

74-64 . 

... 74-74 

9 PbO 

60*16 . 

... 60-05 

C ;(l H®0 55 ,24PbO.... 

100-00 

.... 100-00 

C 56 Il a3 0^9Pb0.... 

100*00 . 

.... 100-00 


c. 



at 100°. 


Schwarz. 

28 

C 

. 14-79 ... 

14-74 

19 

PI 

. 1-67 ... 

1-63 

21 

0 

. 14*79 .. 

14-97 

7 

PbO 

. 68-75 ... 

68-66 

C»II»0-’ 1 ,?PbO 

. 100-00 ... 

100-00 


a perhaps therefore = C 14 H s 0 9 ,5Pb0 + 2aq.; h = 4C 14 II 8 0 9 ,9Pb0 + aq. ; c = 
2C I ‘ I H 8 0 5) ,7Pb0 4* 3aq. (Schwarz.) 


24. Valerotannic Acid. 

Czyenianski. Ann. Pharm . 71, 21. 

When fresh valerian-roots are exhausted with hot absolute alcohol, 
the tincture precipitated with alcoholic sugar of lead, and. the filtrate 
precipitated with ammonia, lead-salts of two acids are obtained. 

a. The precipitate formed by neutral acetate of lead, yields, when 
washed with boiling alcohol, and decomposed underwater with hydro- 
sulphuric acid, a tannic acid, which easily decomposes in contact with 
the air, is coloured red by oil of vitriol, quickly reduces silver-salts, 
and turns brown when its ammoniacal solution is exposed to the air. 
This acid does not colour ferric chloride green ; it forms, with baryta, 
a white salt, which turns brown in contact with the air. Its lead-salt, 
precipitated yellowish-white by neutral acetate of lead, turns green 
in contact with the air, and contains, on the average, 17*45 p. c. 0., 
1*86 H., 13*52 0., and 67*17 PbO., agreeing with the lead-salt of an 
acid, 0 u ll°0 8 . 

b. The precipitate obtained with ammoniacal acetate of lead, yields, 
when decomposed by liydrosulphuiic acid, an acid which has a slight 
sour taste, appears to crystallise when evaporated in a stream of 
hydrogen, reduces silver-salts like the acid a, but does not form an 
insoluble baryta- salt. The lead-salt, precipitated by basic acetate of 
lead, contains, on the average, 15*16 id. c. C,, 1*68 II., 14*80 0., and 
68*86 PbO, corresponding with the lead-salt of an acid, G 12 II 8 0®. 


25. Xanthotannic Acid. 

A. Ferbein. Pharm. Viertelj . 8, 1. 

Obtained from elm-leaves reddened in the autumn. The coarsely 
pulverised dried leaves arc exhausted with alcohol ; the extract is 
evaporated and filtered to remove the wax which separates out ; the 
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filtrate is precipitated with water ; the liquid again filtered, and then 
precipitated with neutral acetate of lead. The precipitate is collected 

(the filtrate yields, with ammonia, another precipitate of the same composition), 
and decomposed under water with, hydrosulplmrio acid, whereby an 
insipid, or if much concentrated, an astringent filtrate is obtained, 
preeipitable by isinglass. — The load-salt is insoluble in acetic acid. 


2R C 

LmUaU at 100°. 
168 

30*30 ... 

Pemin. 

mean. 

29*60 

18 II 

18 

3*20 ... 

3*21 

4 0 

32 

5*70 ... 

6*06 

3 PbO 

330 

60-56 ... 

61*13 

hc^H^O’^PbO. 

554 

100-00 ... 

100-00 


26. Xylochloric Acid. 

C M II“O s ‘? 


L. Bley, Jun. N. Br. Arch. 94, 129. 

A green colouring matter, which sometimes forms on decayed 
pieces of wood, and makes the whole mass appear green. Piece# of 
wood ’of this kind do not undergo any change in water, ' alcohol, or 
ether, but impart the green colour to alkaline liquids. 

From Beechivood . — When the colouring matter is extracted from 
the green wood by twice treating it with aqueous ammonia of the 
strength of 5 per cent., and the olive-green filtrate is mixed with 
hydrochloric acid, dark green flocks are precipitated, which, after being 
washed with water, dry up to a dark green friable mass. This sub* 
stance is decomposed by heat, giving off acid vapours without molting; 
it is insoluble in water, alcohol, and ether, is not perceptibly altered 
by hydrochloric acid, but is carbonised by oil of vitriol. It still con- 
tains ash, nitrogen, and water. 

The ammoniaeal solution of this (impure) xylochlorie acid, has a 
deep olive-green colour, is neutral after the excess of ammonia has 
been expelled, and yields, by spontaneous evaporation, a residue com- 
pletely soluble in water. It forms a dingy green precipitate with 
ferric chloride, olive-green with cupric sulphate and mercurous nitrate, 
and precipitates nitrate of silver, after some time only, with partial 
reduction of the silver. When it is precipitated by neutral acetate of 
lead, tbe supernatant solution appears colourless, and the dingy green 
flocks from different preparations exhibit, after drying at 110°, whereby 
they lose 10 p. c. of their weight, the composition a and A 


Calculation according to Bley. 

Bley. 

Calculation according to Bley. 

Bley. 

b 

30 C 

. 25*67 . 

. 25-91 

90 C 

25-49 

25*38 

26 H 

. 3*71 . 

. 3-85 

30 I! . . 

1*42 

V48 

34 0 

. 38*79 . 

. 38'57 

54 O 

20*40 1 

.. 19*63 

.* PI }0, 

, 31-83 . 

, 31-67 

10 PbO 

52*69 „ 

53*51 

C a0 a 26 O 3 k2PbO..., 

. 100*00 .. 

, 100*00 

3C*>H w H ls ,10PbO.... 

109*00 , 

1OO-O0 
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Page 3. 

Pyrrol-reel — 0. Hesse lias observed this substance among' the pro- 
ducts of the putrefaction of yeast (J.pr. Chem. 70, 44). On distilling 
the putrefied yeast at a moderate heat, a large number of fatty acids, 
volatile bases, &c., are given off ; and on subjecting the residue to dry 
distillation, amylamine and ammonia are evolved, together with a sub- 
stance, which, when its hot solution is mixed with hydrochloric acid, 
is immediately converted into a thick, red, amorphous mass of pyrrol- 
red ; hence it appears probable that pyrrol is formed in the decompo- 
sition of the carcases of infusoria. 

The pyrrol-rod obtained as above, after being well washed and 
dried in vacuo, formed a black shining mass, which yielded a coffee- 
coloured powder ; it was sparingly soluble in water, other, acids, and 
ammonia, easily in alcohol. It gave, by analysis, 66*6 p. c. carbon, 
7*1 hydrogen, and 8*8 nitrogen ; also a small quantity of sulphur, 
probably an impurity arising from the decomposition of some of the 
other products of the putrefaction of the yeast. 


Page 57. 

Appendix to Physodin. 

Ceratophyllin. 

0. Hesse. Ann. Pham. 119, 365. 

Occurs, together with physodin, in Parmdia ceratophylla , var, 
physodes (also called Parmdia physodes). 

Preparation . About 3 lbs. of the licbcn, after being washed with 
water, is stirred up with clear lime-water ; the alkaline solution is 
nexitralised with hydrochloric acid; and the resulting yellowish grey 
flocculent precipitate is washed several times with cold water to remove 
the excess of acid, then collected, dried in the air, and freed from 
uncrystaliisable matter by digestion with boiling alcohol of 75 p. c. 
There then remains a dark green, soft, elastic, mass, probably contain- 
ing physodin and nsnic acid, to remove which, the mass is boiled with 
strong soda-ley. A dark brown liquid is thus obtained, which, on 
cooling, deposits ceratophyllin unmixed with either of the substances 
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just mentioned. It may be separated from the mother-liquor by 
filtration, and purified by rccrystallisation from boiling alcohol with the 
aid of animal charcoal. When tho lichen, without previous washing, is stirred up 
with thin milk of lime, the yellowish filtrate docs not yield any precipitate with hydro- 
chloric acid. The precipitate formed as above described is particularly abundant when 
the lichen has been obtained from birch-stems, and the maceration has not been con- 
tinued for more than 15 hours. 

Properties. Thin, white prisms, which when placed upon the tongue 
produce, at first, a slightly irritating taste, soon becoming rather 
strongly perceptible in the throat ; subsequently a persistent burning 
sensation is experienced on the tongue. Melts at 147° to a colourless 
liquid, and solidifies in the crystalline form between 130° and 138°. 
It begins to sublime even at tho melting point, and at a somewhat 
higher temperature sublimes very easily and without alteration in thin, 
colourless lamitue. 

Ceratophyllin appears to be a higher homologue of orsellatc of 
ethyl, C 20 IPO 8 (xii, 373); its melting point is about 15° degrees higher 
than that of the latter. 

Ceratophyllin is much more soluble in hot water than in cold ; it 
dissolves readily in alcohol , ether, potash-ley , aqueous ammonia , and lime- 
water. The alcoholic solution, which has a neutral reaction, is coloured 
purple-violet by a small quantity of ferric chloride , blood-red by solution 
of chloride of lime , the latter colour being destroyed by excess of the 
reagent; no precipitate with alcoholic sugar of load or nitrate of 
silver. From the ammoniacal solution, hydrochloric acid throws down 
the ceratophyllin in thin prisms. Ceratophyllin dissolves in dilute 
nitric acid , the solution acquiring only a slight yellow tint when heated. 
Strong sulphuric acid dissolves it without alteration at ordinary tem- 
peratures, but chars it when heated. 


Page 68, 

Leucic Acid. — This acid is produced by the action of potash or of 
silver-oxide on bromo-caproic acid (Oahonrs, Am, Harm, tiuppl 2, 78); 

C%gBr0 4 + KO,IIO » KBr + 

Bromocaproic acid. Leucic acid 


Page 73, 

Starch-granules in the Atmosphere. — - Pasteur, by drawing air for 
some time through ajtube containing a plug of gun-cotton, to arrest tho 
particles of dust carried along by the current, then dissolving up the 
cotton with ether-alcohol, leaving tho dust to settle, decanting the 
liquid, washing the dust several times with ether-alcohol, and then 
testing it under the microscope with iodine-water, — has shown that 
starch-gianules constantly exist in the atmosphere. — Starch-granules 

(i£ Am. Si 64, 29)! S6ttleS °° ^ furnitoe > &c - 
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Page 83. 

Starch , heated with bromine and water, yields a solution which no 
longer contains free bromine, but does not yield any crystallised acid 
like isobiglycolcthylenic acid (p. 233), or any other crystallisable 
compound (Barth k Hlasiwetz, Ann. Pham. 122, 111). 


Page 135. 

Cellulose (cotton), treated in like manner with bromine and water, 
is partially dissolved, but yields only traces of an acid syrup (Barth & 
Hlasiwetz, loc. cit.). 


Page 175. 

Spontaneous Decomposition of Pyroxylin under the influence of diffused 
light . — (Bonet, Com.pt . rend. 53, 405; Zeitschr. Ch. Pharm. 5, 9*6.) — 
Two samples of pyroylin, (a) prepared with a mixture of sulphuric acid 
and nitrate of potash, (b) with nitro-sulphuric acid, and both kept in 
stoppered bottles exposed to diffused daylight, underwent spontaneous 
decomposition in the course of four years ; a decomposing more quickly 
than b , and with much greater energy. In both cases the decompo- 
sition was accompanied by the evolution of red vapours, which showed 
themselves before the decomposition was complete. 

The solid residue of a was porous, having the appearance of a sub- 
stance which had been more or less fluid ; that of b was compact, hard, 
and clastic, had more or less of a gummy aspect, and a yellowish white 
or straw-yellow colour ; the colour of the residue a was darker, like 
that of sugar somewhat considerably caramelised. 

In both cases the sides of the bottles were covered with crystals 
of oxalic acid (comp. Hofmann, p. 175) ; the residue of b was also pene- 
trated by these crystals in several places. 

The atmosphere above the residue b was strongly acid, and con- 
tained carbonic and formic acids , together with a vapour which had a 
groat attraction for water. Some indications of the presence of 
cyanogen were likewise obtained; but they were not decisive. The 
gas did not give any indications of the presence of cither of the 
oxygen-compounds of nitrogen, not even of nitric oxide. 

The solid residue freed from oxalic acid by alcohol, left a white 
substance, perfectly soluble in water, like gum. 

According to Chevreul ( Compt . rend. 53, 407), pyroxylin may he 
kept in the dark for ten years without decomposing. 


Page 254. 

Conversion of Cane-sugar into Glucose by the action of Acids.— 
Lowenthal & Lenssen (J. pr . Chem. 85, 321) have examined the 
manner in which this reaction is affected by variations in the propor- 
tions of acid, sugar, and water present, as well as by the duration of the 
process and the temperature at which it takes place. All the experi- 
ments were made at the atmospheric temperature, excepting those 
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in which the effect of change of temperature was the special object 
studied. 

1. The intensity of the action of sulphuric acid upon sugar 
diminishes as the quantity of acid increases up to a certain point, after 
which it increases in proportion to the quantity of acid used * 
2. The action is proportional to the quantity of sugar present. The 
same quantity of acid, treated with increasing quantities of aqueous 
cane-sugar, was found to yield quantities of glucose, varying from 
3*49 to 3*5G per cent, of the sugar employed. — 8. The intensity of the 
action diminishes to a certain point as the solution is more dilute ; but 
beyond that point the intensity of the action increases with the degree 
of dilution. — 4. In the early stages of the reaction its intensity con- 
tinually increases, but as soon as 2 at glucose have been formed for 
every 5 at. acid, it progressively diminishes. 

A solution of cane-sugar left to itself for about a fortnight, is 
found to contain glucose; no alteration is however perceptible in it at 
the end of 24 hours, even if it has boon kept at the boiling heat , but 
if it be heated under pressure with a small quantity of acid, a very 
energetic action takes place, increasing with the temperature. 

All monobasic mineral acids modify sugar in the same degree. The 
neutral salts of these acids, on the contrary, have no action upon, it; 
nevertheless, their presence accelerates the action of acids on sac- 
charine solutions : thus the transformation of cane-sugar into glucose 
by hydrochloric acid takes place much more quickly on the addition of 
chloride of calcium. The neutral salt however acts only when at 
least 2 molecules of acid are present to 5 molecules of the salt ; more- 
over its effect is limited to the earlier stages of the action ; after the 
lapse of a few hours, the action goes on as if there were no neutral salt 
present. — Nitric, hydriodic and chloric acids, act in presence of their 
neutral salts in the same manner as hydrochloric acid with chloride of 
calcium. — Ldwcnthal & Lonsson attribute the effect of neutral salts 
to their power of combining with a portion of the water, and thus 
increasing the strength of the acid. 

Pago 290. 

Colloidal* condition of Sucmtes* — (Graham, Ohm. $oc. J, 15, 255). 

* The term colloidal Is applied by Graham to a class of bodies— of which gelatin 
may he regarded as the type — which possess but little divisibility,— form gelatinous 
hydrates,— are remarkably inactive in their chemical relations,— incapable of crystal- 
lising, — and though largly soluble in water, are yet retained in it by a very feeble force* 
— Such are aqueous silicic acid, aqueous alumina, starch, dextrin, the gums, caramel, 
tannin, albumin, gelatin, vegetable and animal extractive matters. — Those, sub- 
stances, on the contrary, which are capable of crystallising and exhibit a high degree of 
diffusibility are called crystalloids. Liquid colloids appear to have always a pectoris 
or curdled modification, and often pass into that condition under the slightest influences* 
Many solid colloidal substances, such as the jelly of starch, that of animal mucus, of 
vegetable gelose, &c., are easily permeable to crystalloi’dal substances, but offer great 
resistance to the passage of colloids, like themselves. Hence a septum of such sub- 
stance affords an excellent means of separating crystulloldal from colloidal substance, 
in solution. A very convenient apparatus for the purpose consists of a sheet of parch- 
ment-paper stretched over a hoop like a drum, which is then caused to float upon a large 
quantity of pure water, the mixed colloid and crystalloid solution being poured upon its 
upper prfacq. Such an apparatus is called a * * dialyser,” and the separation of crystal- 
loids froth colloids in this manner is called “ dialysis." 
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Sucrate of Lime, — The solution of lime in sugar forms a solid coa- 
gulum when heated, and at a high temperature is probably entirely 
colloidal. The solution obtained on cooling passes through a septum 
of parehinent-paper, but requires a much longer time than a true 
crystalloid like chloride of calcium. 

Sucrate of TJranyL — A colloidal compound is obtained by adding 
potash to a mixture of uranic nitrate or chloride with sugar, avoiding 
heat. The solution is of a deep orange colour, and on the dialyser 
soon loses the whole of its acid and alkali. The fluid sucrate has con- 
siderable stability, but is readily pectised (coagulated) by salts, with 
separation of a basic sucrate which is soluble, to a considerable extent, 
in pure water. 

Ferric Sucrate. — Ferric chloride mixed with sugar is not precipitated 
by potash, provided the temperature is not allowed to rise. The ferric 
oxide combined with the sugar is colloidal and remains without loss on 
the dialyser. At a certain stage, however, the sugar appears to leave 
the ferric oxide ; a gelatinous ferric subsucrate pectises. The basic 
sucrate thrown down from the soluble sucrate by the addition of sulphate 
of potash, consisted of about 22 pts. sugar, to 78 pts. ferric oxide. 

Cupric Sucrate, — The deep blue liquid obtained by adding potash to 
a mixed solution of cupric chloride and sugar, appears to contain a 
colloidal substance. It loses by dialysis the whole of its potassium 
and chlorine, a colourless liquid passing through the dialyser, and a 
green liquid remaining, consisting of a compound of sugar with cupric 
oxide. This solution, when mixed with salts or acids (even acetic 
acid) deposits a bluish-green peetous precipitate (containing about 
1 pt. sugar to 2 pts. cupric oxide) ; when heated strongly, it also 
yields a bluish green precipitate, and does not allow the protoxide of 
copper to be easily reduced to dioxide. When evaporated, it leaves 
transparent emerald-green films, which are not altered by alcohol 
either cold or boiling, but are resolved by water into sugar and the 
peetous bluisli-green compound above-mentioned. 

The blue solution of cupric tartrate in caustic potash contains a 
colloidal compound which has not yet been fully examined. 


Page 291, 

Caramelane. (Gelis, N. Ann. Chim . Phys. Go, 497.) — This substance 
may bo obtained quite colourless, by operating on starch-sugar 

[ ? by beating it for some time to 190 °, and operating as described at page 291 ] 
and decolorising the product with crude animal charcoal. This colour- 
less caramelanc, as well as the coloured product described at page 291, 
is not capable of reproduing sugar. 

If caramel be prepared without attention to the precautions indi- 
cated by Grelis [beating sugar for some time to a temperature not below 190 °], 
if, for example, the heat is too low, or not continued long enough, the 
portion of the caramel which is soluble in alcohol, contains a large 
quantity of glucosan as well as caramelane. Glucosan is likewise 
colourless, and is distinguished from caramelane by its power of repro- 
ducing the sugar from winch it was derived, when subjected to certain 
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influences, especially to the action of water or dilute acids. This 
property, already noticed by Gelis (A. Ann. Chun. IVu/s. 57, 234), 
explains a fact recently observed by Pohl, (see p. 240) namely, that 
certain caramols regain their saccharine taste by keeping. 


Page 293. 

Caramclin (Graham, Cham. Boc. J. 15, 258). — When crude 
caramel, obtained by heating cane-sugar to 210° — 220°, is placed on 
the dialyser, certain colouring matters of intermediate composition, 
the caramel ane and caramoleno of Gelis pass through, and caramclin, 
the most highly carbonised compound of the three, remains behind. 
This purified caramel (which may also be obtained from crude caramel, 
by repeatedly precipitating the aqueous solution with alcohol till the 
precipitate is no longer plastic, butj pulverulent,) possesses live 
times the colouring’ power of the original caramel. A solution con- 
taining 10 per cent, of it is gummy, and changes, on standing, to a 
jelly perfectly soluble both in hot and in cold water; the solution 
dries up in vacuo to a black shining* mass, which, so long as it retains 
a certain amount of water, is still tough and elastic. If this purified 
caramel be carefully dried at a comparatively low temperature, it 
remains soluble in water after being heated to 120°, but if the solution 
be at once evaporated to dryness at 100”, the caramel becomes inso- 
luble both in, cold and in hot water. Purified caramel gave, by 
analysis, 54*59 p. c. carbon, answering nearly to the formula 
C 24 li 13 0 13 , which requires 55*17 p. e. ; Gdlis (iV*. Ann, Ohm. Vhys. 52, 377, 
obtained in two analyses of his caramclin 55*06 and 55*11 p. c. carbon). 

A solution of pure caramel (caramclin) is tasteless, and has a 
neutral reaction. The caramel is precipitated from it by the smallest 
quantity of mineral acids, alkaline sulphides, chloride of sodium, and 
most other salts, and by alcohol, as a brownish black, pulverulent sub- 
stance, insoluble in water, whether cold or hot. In the crude product of 
the roasting of sugar, the caramel is protected from the action of these bodies by the 
intermediate brown substances present. The caramel, thus rendered insoluble, 
swells up to a jelly in dilute potash-icy, and dissolves when the liquid 
is warmed. On dialysing this solution, the proportion of potash in it 
is quickly reduced to about 9 per cent., and if acetic acid Iks then 
added, the whole of the potash passes through the dialyser, and pure 
caramel remains bcliind. 


Page 357. 

Mannite in the Olive . 

De Luca. Cornet, rencl 55, 506. 

Mannite exists in all parts of the olive, especially in the leaves, 
flowers, and fruits of the olive, in quantities varying with the season. 

The leaves* when macerated for some days in strong alcohol, give 
up water, which passes into the alcoholic solvent, and at the same 
time mannite separates out upon their surface in stellate groups of silky 
needles. When the leaves are treated with boiling alcohol, the liquid, 
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on cooling, deposits mannite mixed -with other substances soluble in 
alcohol 

The leaves in the earlier stages of their growth contain but a 
small quantity of mannite ; it increases as they develop, but diminishes 
during the flowering time, and while the leaves are beginning to 
assume their green tint ; and disappears entirely when they turn yellow 
and fall off. 

The following table shows the quantities of mannite obtained from 
the leaves of different olive trees, growing in the neighbourhood of 
Pisa. 



Time of Gathering. 

Weight of Leaves. 

Mannite obtained. 

Moist. 

Dry. 

r 

Total. 

\ 

Per cent. 





grms. 

grms. 

grms. 

grms. 

1. 

5 

November, 

1861 

265-0 

139-1 

0-597 

0*43 

2. 

12 

St 

t) 

120-0 

100-3 

0*128 

0*12 

3. 

19 

St 

t? * 

430 0 

209-8 

0-972 

0*61 

4. 

28 

IS 

104-0 

95 -0 

0*253 

0*26 

5. 

7 

December, 

1861 

222*0 

116-3 

1*468 

1*25 

6, 

14 



225-0 

139-5 

1 -005 

0 72 

7. 

24 



140-0 

106-9 

0 *394 

0*37 

8. 

6 

January, 

1862 

263-0 

164 3 

0-583 

0-36 

9. 

16 



198-0 

126-3 

1065 

0*84 

10. 

26 



324-0 

177-2 

1 *425 

0*71 

11. 

4 

February, 

1862 

350 -0 

212-1 

0-872 

0*41 

11 bis. 

4 


418-0 

212-7 

1*506 

0*70 

12. 

14 

If 

is 

324-0 

229 3 

1 *286 

0*56 

13. 

21 

M 

St 

381-0 

157*9 

0*375 

0*23 

14. 

1 

March, 

1862 

139 '0 

124 *7 

0*837 

0*67 

15. 

12 

>» 

tt 

97-0 

49-5 

0*333 

0*67 

16. 

23 

IS 

171*0 

130-8 

0*545 

0*42 

17. 

4 

April, 

1862 

155*0 

127-9 

0*060 

0-05 

18. 

14 



167-0 

163 ‘7 

0*424 

0*26 

19, 

25 


St .................... 

97-0 

90*8 

0*035 

0*04 


The next table gives the quantities of mannite obtained from 
leaves, gathered on the 26th of February, 1862, from 13 different 
olive-trees growing in the Botanic Garden at Naples, 
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Time of Gathering. 

Weight of Leaves. 

Mannite obtained. 

r - 

Moist. 

Dry. 

Total. 

— 

Ter cent. 



grins. 

grins. 

grins. 

grms. 

1 . 

26 February, 1862 

102-0 

52 *0 

0 -285 

0*55 

2. 


140 ‘0 

G7-2 

0 -901 

1 *32 

3. 


120 •() 

6*4 *0 

0-525 

0*82 

4. 


1G5 *0 

87*9 

1 -3G0 

1*54 

5. 


141*0 

70-9 

0-874 

1 *23 

6 . 


122 -0 

GG *0 

0*440 

0-66 

7. 


78-0 

38-1 

0 -232 

0*61 

8. 


95*0 

50-1 

0-514 

1*03 

9. 


103 -0 

50 -2 

0-710 

1-26 

10. 


120-0 

05 -7 

0 -724 

1 *10 

11. 


125 *0 

65 *0 

0 *G80 

1 *04 

12. 


105 -0 

56 ‘6 

0 -489 

0*86 

13. 


131*0 

63-9 

0 -853 

1*33 


Tlie percentage of mannite is calculated on the leaves dried between 110* 
and 120°. 

A comparison of tile two tables shows that the leaves of olives grown 
at Naples contain a larger quantity, than those grown at .Pisa, and 
gathered at the same time of year. 

The flowers of the olive, in the month of June, contain a conside- 
rable quantity of mannite, which may be extracted by alcohol, but 
after fecundation it disappears altogether from the flowers, so that those 
which fall on the* ground contain none. 

The fruit of the olive, even when scarcely formed, contains a con- 
siderable quantity of mannite, so that when young olives, which can 
scarcely be separated from the flower, arc immersed for some time in 
alcohol, the liquid spontaneously deposits mannite, and the mother- 
liquor yields an additional quantity when evaporated t< > a third of its 
bulk. — The olives are found to contain mannite so long as they remain 
green; but the quantity continually diminishes as they approach 
maturity, and disappears altogether when they arc quite ripe and no 
longer green, and contain their maximum quantity of oil 

Chlorophyll, or an analogous green substance, which constantly 
accompanies mannite in the loaves and fruit of the olive, likewise dis- 
appears simultaneously with it, so that the yellow leaves and the ripe 
olives contain neither mannite nor chlorophyll. The increase of the 
proportion of these two substances, during the period of development 
of the fixed oil, and their disappearance when the olives contain their 
maximum of oil, seems to show that they contribute in some way to 
the formation of the fatty matter. 

When the alcoholic solution of mannite, obtained either from the 
leaves or from the fruit of the olive, has deposited the whole of the crys- 
tallisable mannite, the mother-liquor, if left for some weeks to evaporate 
in the air, is converted into a viscous substance, which gradually yields 
a fresh crop of crystals of mannite separable by boiling alcohol Tins 
seems to show, that the mannite in the leaves and fruit is accompanied 
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Dy mannitan, 'which, on exposure to the air, takes up the elements of 
water, and is converted into mannite. 


Pages 384, 389. 

Identity of Melampyrite and Dulcite. 

L. Gilmer. Ann. Pham. 123, 372. 

Eelenmeyek & Wankxyn. Ohm. Soc. J. 15, 455. 

The identity of these two bodies is shown by comparison of their 
crystalline forms, composition, and reactions. 

Melampyritc (from Melampyrum nemorosum ), crystallises from 1 a 
moderately warm aqueous solution in transparent, colourless, shining 
prisms, of the oblique prismatic (monoclinic) system, with octahedral 
summits, the edges of which are truncated by the faces of an ortho dia- 
gonal dome, or the combination by ooP . -j- P . — P . 4- Pco . — Pec . 
Inclinations of the faces, oo P : oo P = 112° ; + P : — P = 115° 45' ; 
ooP : + P = 134° 45' (Gilmer). 

. The crystals of dulcite are described by Laurent as monoclinic 
prisms, having their obtuse edges symetrically truncated, together 
with the octahedral, and the basal end-faces, oo P : co Pco :-fP.~- 
P . o P . Inclination of coP : oo P = 112° ; + P : — P = 115° 2G'; 
coP. + P = 134° 42 r (see page 385). The crystals of dulcite and 
melampyrite are therefore identical, so far as regards their primary 
forms and chief modifications ; in both bodies also they are generally 
aggregated in crusts. Both are slightly sweet, optically inactive, and 
not capable of fermenting with yeast. 

The melting point of melampyrin, as determined by Gilmer, is 180° 
(uncorrected); according to Eichler (p. 390) it is 186° ; that of dulcite 
is 190° (Laurent); 182° (Jacquelain). Both bodies crystallise from 
fusion. 

The composition of melampyrite, agrees with the formula of dulcite, 
(PH U CF, a result corroborated by the analysis of the baryta-com- 
pound. 


Erlenmeyer 



Melampyrite , at 140°, 

Gilmer. 

& Wanklyn. 

12 C..,„ 

72 

. 39-56 

39*40 .. 

.. 39*7 «... 39*33 

14 BL.„ 

14 

. 7-69 

... 7-87 .. 

.. 7-9 .... 7*90 

12 0 

96 

. 52*75 ..... 

.... 52-67 .. 

52*4 .... 52*77 

C!»H“OW .... 182 

, 100-00 

... 100*00 .. 

.. 100*0 .... 100*00 


Baryta-compound, at 140°. 

Gilmer. 


12 C 

72 „ 

22*7 , 

22*4 


12 H 

12 

3*8 . 

4*1 


10 O 

80 

...... 25*2 , 

23*6 


2 BaO ... 

153 .. 

48-3 . 

....... 49-9 


C 12 H 12 £a 2 0 12 ,,. 

317 „ 

100*0 . 

100*0 
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Baryta-compound dried over oil of vitriol. 

12 C 72 18-0 

12 H 12 3*0 

10 0 80 20*3 

2 BaO 153 38*4 

9 HO 81 20*3 

298 100*0 


Gilmer, 


38*0 

20*0 


C l2 H 12 Ba 2 0 13 + 9aq 

The baryta-compound of duleite, air-dried, contains C 12 n 12 Ba"0 12 + ]4aq. (not 
C 12 H 14 0 ls ,2Ba0 + 14aq., as stated at page 387). {Lieb. Kopp * Jakreubcr, 1850, p. 530,) 


Melampyritc heated to 275° begins to give off water, the mass at 
the same time assuming a brownish tint ; [duleite appears to decom- 
pose at a somewhat lower temperature (p. 885)]. — Melampyritc 
heated with nitric acid yields a considerable quantity of nincic acid; 
the liquid filtered therefrom, and neutralised with carbonate of lime, 
yields a precipitate, consisting* chiefly of oxalate of lime, and the solu- 
tion, filtered from this precipitate, contains a substance which, reduces 
an alkaline cupric solution. Duleite yields the same products together 
with racemic acid (p. 880); the formation of the latter was not 
observed in the case of melampyritc, probably because the quantity 
operated on was not sufficient. (Gilmer.) — Melampyritc heated in a 
stream of carbonic acid with hy dr iodic acid yields iodide of caproyl 
(hexyl) } together with water and free iodine (Erlcnmeycr & Wanklyn). 

C«H w Oi2 + 11HI « C l2 H l3 I + 12IIO + I 10 . 

One pt. duleite dissolves in 31*25 pts. water at 15° ; 1 pt, molam- 
pyrite dissolves in 29*41 pts. water at 16° (Gilmer); in 34*01 pts, at; 
16*5 (E. & W.). Both bodies are but slightly soluble in alcohol 
(Gilmer.) 

Melampyrite and duleite form, with sulphuric acid , conjugated acids, 
the baryta-salts of which exhibit similar properties (pp, 886, 392), 
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REPORT 


OF 

THE FOURTEENTH ANNIVERSARY MEE TING 


OF THE 

CAVENDISH SOCIETY. 


The Anniversary Meeting of tlie Cavendish Society for the 
year 1861,, was held at the rooms of the Chemical Society, in 
Burlington House, on Friday the 1st of March, at thrbe o’clock 
in the afternoon. 

The Chair was by Thomas Graham, Esq., F.B.S., 
President, who oalied upon the Secretary to read 

THE EEPORT OF THE COUNCIL. 

“ In submitting the Annual Statement of their Proceedings to 
the Members of the Cavendish Society, the Council trust it will be 
found that satisfactory progress has been made in carrying out the 
object to which their efforts have recently been chiefly directed— of 
completing at as early a period as possible the translation of Gmelin’s 
‘Handbook of Chemistry.’ The generally expressed opinion of 
Members, and the decision of previous Councils, have been favourable 
to the adoption of this course; and the undiminished support afforded 
by Subscribers during the past year has enabled the Council to 
proceed in it with as much expedition as the rate of production of 
the Herman edition of the work would admit. The fourteenth 



volume, comprising organic compound with twenty and twenty- 
two atoms of carbon, hart just been completed, and is now being 
distributed to Subscribers for the year 18(50. The remaining 
portion of the work will occupy two morn volumes, and there is 
every reason to belie, ve that these will be produced with the 
regularity which lias marked the progress of the publication of the 
work for several years push Tin 1 'Members may, therefore, anti- 
cipate the satisfaction of seeing this— their great— work brought 
to a conclusion in about two years from the present time. Arrange- 
ments have also been made for the preparation of a complete index 
to the work, which Mr. Watts lias undertaken, and which, if the 
Members continue to give the requisite support to the Oouncil, may 
constitute a second volume for the year in winch the work is 
finished, 

u During the progress of the translation of tins organic part of 
the work, it 1ms been found necessary in some of the later volumes 
to introduce much new matter belonging, according to the arrange- 
mont adopted, to preceding volumes, and resulting from investiga- 
tions made since their publication. In volumes nine, ten, twelve, 
and thirteen there are 177 pages devoted to such additional matter, 
forming appendices lo those which preceded, and there will probably 
be a still greater quantity of matter to he added to the two 
remaining volumes to bring even the organic*, part of the work up 
to the then existing slate of eheinirnl knowledge?. So rapid, indeed, 
k the progress of discovery in Ibis prolific, department of chemistry, 
that when the last volume* of (»m sun’s work has been prepared, it 
is estimated, If the three department of inorganic’, and organic 
chemistry and chemical physics bo included, that there will he a 
sudieiemt amount of new mai ler to make* a volume? annually of the 
size of those hitherto issued* It will be a question for the con* 
sideratiou of tho Members and of future? Councils wind her (be* annual 
publication of all new matter, condensed and arranged in the way 
la which this was originally so ably done by Li<;orou> (kmiuv, and 
has since been continued by Mr, Waits, would not constihilc a 
work to which the Cavendish Society might apply their means 
with- .advantage. The expense of preparing such a work would bo 
rather greater than that of merely translating, and it could only bo 
; undertaken in the event of an increased number of Subscribers 
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manifesting a disposition to support the Conncil in carrying out 
this object if it should be thought desirable. 

“ It will be observed on reference to the financial statements for 
this and previous years that the income of the Society has to some 
extent been derived from the sale of hooks which were issued 
several years ago, and of which more copies were printed than 
were required to supply the Members. The arrangements under 
which this distribution of the surplus copies of some of the Society’s 
works has been effected, has fully answered the purpose contem- 
plated; a large number of valuable scientific works have been 
brought within the reach of chemists who could not otherwise 
have obtained them, and increased means have been afforded 
tiie Society for extending its operations by the production of 
new books. With reference to the early volumes of Gmelin’s 
1 Chemistry ’ the stock lias by this means been greatly reduced, so 
that only a limited number of some of the volumes remain on hand, 
and for some time past there has been none of the first volume 
left. The Council are happy to say that they have made an 
advantageous arrangement with the printers, and the agent, 
Mr. Harrison, for the reprinting of the first volume of the 
‘Handbook’ without entailing any pecuniary responsibility on the 
Society, and Members or others whose sets of the work are 
deficient of this volume may now obtain it at 59, Pall Mall. 
Tiie re-issue of this volume also enables the Council to make. up a 
few complete sets from Yol. 1 to Yol 12 inclusive, which will be 
supplied for six guineas, the previously existing arrangement for 
the disposal of sots from Yol. 2 to Yol G being now cancelled. 
Separate volumes, however, from Yol. 4 upwards, may be obtained, 
as there are found to be several such loft after makingup as many 
complete sets as the early; volumes on hand would admit of.” 
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It was resolved — 

“That the Report just read he received, approved, and adopted.” 

The Meeting* then proceeded to the election of Officers for the 
ensuing year, and the following Gentlemen were declared to have 
been duly elected : — 


prr^ttfrith 

Thomas Graham, F.B.S. 




Professor Brande, F.B.S. 

Walter Crum, F.It.S. 

John Davy, M.D., F.B.S. 
CharlesG.ILDaubeny, M.D., F.B.S. 
Tins Duxe of Devonshire, F.B.S. 
Michael Faraday, D.C.L., F.B.S. 
John Graham, F.C.S. 


A. W. Hofmann, Ph. D., LL.D., 
F.B.S. 

Henry Beaumont Leeson, M.D., 
HRS. 

W. A. Miller, M.D., F.B.S. 
Robert Porrett, F.It.S. 

William Sharpey, M.D., F.B.S. 


CmutctT 


G. B. Buceton, F.It.S. 


Dttgsald Campbell, F.C.S. 

P. J. Chabot, M'.A., F.RA.S.,F.C.S. 
W. Fmrouson, .Esq. 

E. FranjvLand, Pli.D., F.RS. 

J. IL Gilbert, Ri.D„ F.B.S. 
Daniel Hanbury, F.L.S. 

Charles IIeisch, F.C.S. 


A. W. Hofmann, LL.D., F.It.S. 
N. S. Maskelyne, F.C.S. 
Trenham Beers, Esq. 

Alfred Smee, F.B.S. 

J. Denham Smith, F.C.S. 

B. D. Thomson, M.D., F.B.S. 

A. W. Williamson, Ph.D. F.B.S. 
Colonel Philip Torre, F.B.S. 


George Dixon Longstaff, M.D., 9, Upper Thames Street. 


rjn 

Theophilus Bedwood, Ph. D., 19, Montague Street, Bussell Square. 


Collector. 

3VTr. Thomas West, Burlington House, Piccadilly, W. 

$gcut for tlje JDtetrilmttmi of 33ooftg, &t. 

Mr. F. Harrison, 59, Pall Mall, S.W. 

It was resolved— 

“That Bits, Be la Hue, Odling, and Stenhouse be 
appointed Auditors for the ensuing year.” 

The following Besolutions were unanimously adopted:— 

“That the thanks of the Meeting be given to the Pre- 
sident, Council, and Officers, for their services to the 
Society.” 

u That the thanks of the Meeting be given to the Honorary 
Local Secretaries for their services to the Society.” 

“ That the thanks of the Meeting be given to the Chemical 
Society for the use o | th eir rooms.” 

THEOPhf 



OBJECTS, &c., OF THE CAVENDISH SOCIETY. 


The Cavendish Society was instituted for the promotion of 
Chemistry and its allied sciences, l>y the diffusion of the literature 
of these subjects* 

The subscription, constituting membership, is one guinea, a -year, 
to be paid in advance; and the subscription becomes due on the 
1st of January of each year. A member is entitled to a copy of 
every book published by the Society for tin 4 year for which he has 
subscribed, but no member can receive the Society’s publications 
until his subscription has been duly paid. 


WORKS 'OF THE CAVENDISH SOCIETY* 

1848 

1, — CHEMICAL REPORTS AND MEMOIRS. Edited by Thomas 
Graham, F.R.S. (Out of Print.) 

% — HAND-BOOK OK CHEMISTRY. By Lkovow Qmblxm. Trans* 
lated by Henry Watts, B.A., F.C.8. VoL I. 

1849. 

3. — HAND-BOOK. OF CHEMISTRY. By Leopold Omktun, Vol IT. 

4. — HAND-BOOK OF CHEMISTRY. By Leo hud (Jilkmw. Vol. HI. 

5. — THE LIFE AND WORKS OF CAVENDISH. By Dr. Georuh 


0. — HAND-BOOK OF CHEMISTRY, By Leopold <3 uma sr. Yol.1V, 

7. — HAND-BOOK OF CHEMISTRY. By Leopold Gmeiun. VoL V. 

18*51. 

8. — PHYSIOLOGICAL CHEMISTRY. By Vmmmm Lehmann* 

Translated by Georow E. Day, M.D., F.R.S. VoL I, (Out of 
Print,) 

9. — HAND-BOOK OF CHEMISTRY. By Lwoimn Gmeun. Vol. VL 

m% 

10*— HAND-BOOK OF CHEMISTRY* By Leopold (Ut.mi,tn. Vol. VIL 
(Organic Cliemisfcry, VoJ. I.) 

XL-inrYSrOLOOKiAL CHEMISTRY. By Viummm Lehmann. VoL ! L 

12. — -ATLAS OF PJiATKS relatino to PHYSIOLOGICAL CHEMIS- 

TRY. By Dr. Otto Kunkm. 

(Supplement to Piiysiolooioal Ohemiktry.) 

‘ 1833. 

13. — HAND-BOOK OF CHEMISTRY. By Leopold Ghemn, VoLVIIL 

(Organic Chemistry. Vol. XL) 

14. — ELEMENTS OF CHEMICAL AND PHYSICAL GEOLOGY. By 

Processor Bischoe. Vol I. 

1834, 

15. — THE LIFE AND SCIENTIFIC, RESEARCHES OF DALTON, 

D«, W. 0. Henry, F Tift 

lumr^ By ihmmrn^^^ 



1855. 

18. — HIND-BOOK OF CHEMISTRY. By Leopold Gkhlih. Vol. IX. 

(Organic Chemistry, Yol. III.) 

19. — ELEMENTS OF CHEMICAL AND PHYSICAL GEOLOGY. By 

Professor Bischof. Vol. II. 

185C. 

20. — HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. X. 

(Organic Chemistry, Yol. IY.) 

21. — HANDBOOK OF CHEMISTRY. By Leopold Guilin. Yol. XII. 

(Organic Chemistry, Yol. VI.) 

1857. 

22. - HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. XI. 

(Organic Chemistry, Yol. V.) 

1858. 

23. — ELEMENTS OF CHEMICAL AND PHYSICAL GEOLOGY. 

By Professor Bischof, Yol. III. 

1859. 

24. — HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. XIII. 

(Organic Chemistry, Yol. VII.) 

1860. 

25. — HAND-BOOK OF CHEMISTRY. By Leopold Gmelin. Yol. XIV. 

(Organic Chemistry, Yol. VIII.) 


CHEMICAL REPORTS AND MEMOIRS. Edited by Professor 
Graham. This work is out of print. 

GMELIN’S HAND-BOOK OF CHEMISTRY. Translated and 
Edited by Henry \V atts, B.A., F.C.S. 

A lew sets remain from Yol. I to Vol. XTI, which are supplied for £6 6s. 
Separate copies of the Volumes from IY to XII may also be had at 
10.9. 6d. each. 

Yols. XIII and XI Y can only be obtained by subscribing for the years 
for which thcpwwe issued. 

LEMM^ PH YSIO L 0 GI C AL CHEMISTRY. Translated and 

dWrtSaTby Dr, G. E. Day, F.R.S. 

The First Volume of this work is out of print. There still remain a 
few copies of the Second and Third Volumes, and of Dr, Otto Funke’s 
Atlas of Physiological Plates, which, together, may be obtained for 
£1 is. 

RISCHGFS ELEMENTS OF CHEMICAL AND PHYSICAL 
GEOLOGY. 

The First and Second Volumes of this Work are supplied for a sub- 
scription of £*1 1*9. 

THE LIFE AND WORKS OF CAVENDISH. By Dr. Geo. Wilson. 

THE LIFE AND SCIENTIFIC RESEARCHES OF DALTON. 
By Dr. W, 0. IImbx, F.R.S. 

LAURENT’S CHEMICAL METHOD. Translated by Dr. Odling, 
These three Works are supplied for a subscription of £1 is. 


Applications for the works of the Cavendish Society, are to 
be made to the Agent, Mr. Harrison, 59, Pall Mall, S.W.; by whom, 
also the Subscriptions of Members are received. 
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